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There are warning signals in welding shops 
that are sometimes overlooked by busy 
executives. These signals mean lost arc time 
that almost invariably results in wasted man- 
hours, lowered production and less profit 
from the welding process. Heat belongs in 
the welding arc and no other place; when 
it appears elsewhere in the welding circuit, 
it is a@ signal that says, “Something is 


TWECO stands guard 
over welding profits 


A welding circuit is a pipeline for electric current; it 
can no more operate efficiently with poor connections 
than your garden hose at home. Poor connections are 
@ menace to production and profits. If you “Weld with 
Tweco” you operate at maximum efficiency from the 
ground to the holder. 


TWECOTONG CABLE 


and HOL-GRIP Connectors 
Electrode Holders 


CABLE SPLICERS 


CARBON 
Electrode Holders 
TERMINAL 


Connectors 
TWECO 
Ground Clamps aa 


° 
Bi TWECOLUGS 


Write for Twecolog +7 giving data and prices on the complete TWECO line of 
electrode holders, ground clamps and cable connections for electric welding 


YOUR TWECO DISTRIBUTOR CAN SUPPLY YOU 


wrong." TWECO cable connections will 
improve your profit picture. Write for our 
“Causes and Cures” bulletin on this problem. 


2 HUSKY MEMBERS 
of a sturdy welding family 


— WEAK ARC 


TWECOTONG is cool running in the toughest going. Avoid blistered operator hands 
and lost man-hours with TWECOTONG. There is a TWECOTONG for every job. Four 
models give a range to fit rod sizes and amperage needed. Unnecessary operator 
fatigue is avoided if you “Job-select" your holder from the TWECOTONG line. Remember 
too, that TWECOTONG'S tough multi-layer glass cloth “Super-Mel” tip insulation is 
quickly replaceable. Long lasting “Super-Mel” tip insulation (now standard on all 
models) is especially valuable where heats are extreme and service is severe. Switch 
to TWECOTONG for increased welding efficiency. 


TWECOTONE PRICES 


Mode! A-38 Mode! A-14 Mod A-3164 Mm 2 


500 AMPS 300 AMPS 250 AMPS 200 AMPS” 
tor 3 /8-3 /32" rod for 1 /4-1/16" rod for 3/16-1 /16" rod for 5 /32-1 /16" rod 
6.50 $5.0 $4.75 94.32 

It is important to have a solid ground connection fhat is quickly removable and easily 
attached again to the work. INSIST on TWECO Ground Clamps for this purpose. TWECO 
Ground Clamps have powerful jaw grip for positive contact, easy-on, easy-off ground 
ing. Junior and Senior clamps have a heavy copper braid between the jaws—welded- 
in so both will carry current. Insulated springs. High copper alloy construction A 
size for every work requirement. 


TWECO GROUND CLAMP PRICES 


Model Amp. Capacity Cable Capacity Price 
Midget 125 Ampere No. 6, 4, 2 $1.50 
300 Ampere 4, 2,1, 1/0 3.00 
Sr, 500 Ampere 1/0 thru 4/0 4.50 


Write for Quantity prices. They save you 10 to 27° 


MANUFACTURERS OF ELECTRODE 


HOLDERS © GROUND CLAMPS 

@ CABLE CONNECTIONS 

weco FOR ELECTRIC WELDING 
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LIGHT WEIGHT...EXTRA CAPACITY...EXTRA 


> 


PEP...EXTRA LONG LIFE...YET COSTS LESS! 


Faster, The new “Pipeliner” was espe- 
Smoother cially designed to speed up pipe 
Welding line jobs. It has the typical 
Hobart characteristics of extra capacity and 
plenty of push behind the arc. Simplified 
controls provide for fine adjustment of wide 
welding range. 


Lighter, Rugged and compact, and eco- 
but not nomical to operate, this unusual 
skimped unit is eager to meet every field 


condition. It can be loaded easily on a truck 
and hauled to the job. 


Built to — Pipe line construction calls for 
Stand long hours of steady welding— 
the Gaff. grueling punishment for the 


average welder. But the new Hobart “’Pipe- 
liner’ takes such hard usage in its stride. 
Delivers 1 KW Auxiliary DC Power for lights 
and small tools besides. No matter what 
your arc welder requirements may be, it 
will pay you to write. 


HOBART BROTHERS COMPANY 
BOX W4J-90, Troy, Ohio, U.S.A. 


“One of the world's largest builders of arc welders’ 


The Combination 74.2. 


Wel 
ing tools 


You'll like if you are welding pipe 
the Hobart lines, boilers, storage tanks, 
No. 10 Rod ships, or structural fabrica- 


tions you'll find the Hobart No. 10 Elec- 
trode is just right. Sizes through 
Samples on request. 


SGA 3 


Gas 


line Electric Drive 
any. 


C Welder Yor Own"* 
Check and mail to: 
HOBART BROTHERS COMPANY 
BOX WJ-98, TROY, OHIO, US A 


Our work is: 


POSITION 


ADDRESS 


With no obligation, please send information on HOBART 
Arc Welders and other items checked. 


The HOBART D. 2 


Ideal ¢ 
lor 
Pair, Mains, 
eldin mance 
Stationary 


Sted on 60% 
Mere for 


Pree! 


Catalog showing com- 


plete line of Hobart A.C 
and Arc Welders 


t 4 la Efficient and with no moving Parts 
even @ fan, Dual Control; Re. i 
Switch either full ©Opacity 
Power Pp for ©perat. 
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METAL & THERMIT CORPORATION 
100 EAST 42nd STREET + NEW YORK 17, N.Y. 


Newark 
Philadelphia 
Pittsburgh 
Cleveland 

E. Chicago, Ind. 
Minneapolis 

Se. San Francisco 


Welding 
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\ 


Murex Type FHP Elec- 
trodes play an impor- 
tant role in maintaining 
the high standards of 
welding set by The 
Pfaudler Co., mannfac- 
turers of glass lined and 
alloy processing equipment. This outstand- 
ing downhand electrode deposits weld metal 
of superior quality, and, at the same time 
is fast and easy to use. 


Leading fabricators in many industries 
standardize on Murex — either to obtain 
better welding, or to achieve more econ- 
omical production. Investigate Murex per- 
formance. Write for descriptive literature. 
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Mallory Designed Welding Dies 


Add Speed, Uniformity, Economy 
To Production Welding 


No resistance welding production die is too large or too small for 
Mallory ingenuity. 


Mallory designed dies are setting new standards of performance for 
uniform high quality at desired production rates . . . on single, 
double and multiple station equipment. 


In addition, all Mallory designed dies afford the best possible opera- 
tor motion efficiency . . . and feature easily removed inserts, low 
cost replacement parts, special alloys for maximum service life, and 
provisions for most effective water cooling . . . all combining for 
maximum economy. 


The Mallory designed and built die, pie- 
tured at top. welds an electrical contact 
to a reed in eight stations at a rate of 
1000 units per hour. Each station is an That's service beyond expectations r 


independent unit that is easily replace 
independent unit that is easily replaced Mallory die design and building know-how is the result of more than 


20 years of welding and alloy experience . . . enables Mallory to 
choose the best material for each job, the best design for the re- 
for automatic ejection of welded parts quired results. 


for dressing or repair. Each station has 


its own water cooling system and device 


Mallory can supply complete Resistance Welding: needs. Merely 
send prints, sample parts, production requirements, available ma- 
chine data, platen dimensions. What Mallory has done for others 
can be done for you. 


In Canada, made and sold by Johnson Matthey and Mallory, Limited 


110 Industry Street, Toronto 15, Ontarid™ 


Resistance Welding Electrodes, Holders, Dies, Rod and Bars, Castings, Forgings 


SERVING INDUSTRY WITH 


Capacitors Contacts P.R. MALLORY & CO. inc. 
Controls Resistors 
Rectifiers Vibrators 
Special Power 
Switches Supplies 


Resistance Welding Materials 


7 P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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Cut steel up to 12 in. thick 


Bevel parts for fabrication or repair 


Gouge grooves of many sizes and contours 


Do all this Deseam semi-finished steel forms 


Cut risers and “wash” pads 


with On € Prepare plate edges for welding 
oe | Remove rivets and pierce holes 
OXWELD Trim plate and structural shapes 


Trade-Mark 


Powder-cut stainless steels and other oxidation- 


Blowpipe recietunt metals 


Cut guided circles and straight lines 


Scrap obsolete equipment for profit 


Whether your work includes one or more than one of these jobs, the Oxwetp C-32 Blowpipe 


will save you time and money. This all-purpose cutting blowpipe, with its wide variety of inex- 


pensive nozzles and attachments, easily handles these jobs—and many others—with outstanding 


efficiency, speed, and convenience. 


Like all Oxweto products, the C-32 is built to give you many extra years of economical and 


trouble-free service under every condition of use. Available in your choice of 3 lengths (20-, 


26-, and 32-in.) and 3 head angles (75-, 90-, and 180-deg.) to suit your exact needs. Write or 


phone today for full information about this cutting blowpipe — or regarding welding blowpipes, 


regulators, cutting machines, or acetylene generators. 


The terms “Linde” and "“Oxweld” are registered trade-marks of Union Carbide and Carbon Corporation or its Units. 


THE LINDE AIR PRODUCTS COMPANY 
e Unit of Union Carbide and Carbon Corporation 
30 East 42nd Street [193 New York 17, N. Y. 
Trade-Mark Offices in Other Principal Cities 
In Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 
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CUTTING TORCH 


ith Stainless Steel Head 
Tube Assembly 


CTS-400 Series 


Rugged stainless steel tip nut, head and tubes. 


Uses all standard Victor cutting tips. 
New high-capacity, cutting oxygen valve—oper- 
ated over half million times without detection of 
wear. 
_ New oxygen and fuel control valves with ‘‘O"' ring 


pressure seals—no outmoded packing, no take- 
_ ups, no adjustments needed. 


j 
a. Test it on your severest cutting job... see for 
: yourself how fast it cuts, how cool it stays. 
Here's the torch you've been waiting for. Cuts long- 
er and faster than other torches without overheat- 
ing because mixer and mixer tube are made of high- 
heat resistant copper alloys—no danger of mixer Welding and Cutting Equipment Since 1910 
failures from overheating. Mixer itself is Victor's 
famous spiral mixer, designed to prevent backfire Welding rods for all uses. Regulators 
and flashback. for all gases up to 5000 psi. Machine 
and hand torches for welding, pre- 
i The stainless steel head and tube assembly is a sin- heating, cutting, flame hardening and 
gle unit and can be replaced without buying a com- , 
descaling. Portable flame cutting ma- 


plete torch. Comes with either 90° or 75° head. 
Standard length is 21’’; 27” or longer available on 
special order. 


chines. Pneumatic filters and lubrica- 
tors. Kinmont power positioners. 
Fluxes. Write today for free descrip- 
Call your Victor dealer NOW . . . ask him to dem- tive literature. 

onstrate this new, stainless steel torch on your : 
toughest cutting job. 


VICIOR EQUIPMENT COMPANY 


3821 Santa Fe Ave. 844 Folsom Street 1312 W. Lake St. 
LOS ANGELES 58 SAN FRANCISCO 7 CHICAGO 7 
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® Designers in aircraft must be 
the limitations of materials. 
stress problems and a few s 


by J. Koziarski and kh. B. Gillmore 


INTRODUCTION 


ESIGN, material and manufacturing are the three 
factors affecting successful production. They are 
of equal importance. Experience has shown that 
the neglect of any one of them or the inability to 
keep a proper balance has often been the source of very 
expensive failures. This is especially true of aircraft 
production 
The question of whether aircraft design is an art or a 
science and an aircraft designer an artist rather than a 
scientist has been often disputed. In our opinion he 
cannot be a true scientist: because a scientist is always 
looking for bare facts. Facts whether derived from 
theoretical considerations or from experiment are the 
only factors which An 
aircraft designer, in spite of the tremendous develop- 


a scientist would consider. 
ment of modern science and technique, quite often 
In reality, if he were looking for 
His fertile 
imagination, helped by his common sense, must always 
fill in the gaps in his established data 

One of the great thinkers said that a genius is made 


lacks suitable data. 
facts only, he would never design anything 


of 95% of hard work and of 5° of Lord’s inspiration 
This is equally true with an artist-designer. He is not 
On the contrary, he must 
First 
home with 


born as a creator of aircraft. 
work hard to acquire the necessary background. 
at 


These are his 


of all, he must be air minded and be 
aerodynamics and mechanics of flight 

Secondly, an aircraft designer must know 
This unfortunately 


foundation. 
and understand 
is very often overlooked, although it is generally agreed 


well materials 


Koziarski and K. B. Gillmore are with the Piasecki Helicopter Corp., 


Rome 
Scheduled for presentation at 
LL., week of Oct. 22, 1950. 


rhirty-first Annual Meeting, AW S.C! 
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Nome Basic Problems in Design for Aircraft Welding 


» practical, production-minded and know 
Metallurgical. corrosion, production, 
pecific applications are briefly covered 


that modern aircraft development depends in a great z : 
degree on material progress. The designers must also i 
be familiar with stressing and in particular with dynamic iF 


stress problems. Almost nothing in an aircraft works 


statically. The designer is required to remember that 


what he puts on paper, is supposed to be easily and 


cheaply manufactured. There is no use designing an 


“excellent” machine if its production is impossible or too 
difficult 
production minded 


aircraft must be 


difficult 


f an otherwise good 


Consequently, designers 


Too 


operation may prohibit the use 


or too expensive 
aircraft. Ease of aircraft maintenance is very vital. 
These problems should also be familiar to him. It also 
is expected that an aircraft designer be well acquainted 


with drafting technique. Clearly, an aircraft designer 


cannot be an expert in all of these highly technical 


Nevertheless, he must know sufficient about 
to be able at to 


recommendations made to him by the experts 


subjects 


evaluate 
The 


best aircraft designer is the man who can best maintain 


their fundamentals least 


the engineering balance between the conflicting aircraft 


engineering requirements. The 5°; of Lord’s inspira- 


tion should balance enough other 95°) of hard work to 


produce a good aircraft. 


DETAILED CONSIDERATION 


It would be impossible in a work of this size to deal 


with all everyday welding problems which face “an air- 


craft designer. Consequently, we intend to limit our 


discussion to fusion welding and to show only a few of 


the simplest problems which have a fundamental 


Importance These problems are too often forgotten 


or underestimated. This is so because probably, they 


are too simple, and as such, apparently do not warrant 


any attention 


To some people welding looks so simple and so easy 


that they do not think it worthwhile studying its de- 
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tails. These people become careless; they either over 
or underestimate welding possibilities. One, should 
realize however, that although welding offers enormous 
advantages over other forms of joint, it also has its 
limitations. 


Material Problems 


One of the limitations in aircraft development is the 
lack of suitable materials. This lack hinders the 
efficiency of a modern aircraft and especially its power 
units. Unfortunately, a designer does not always know 
how to avoid material weaknesses and how to use its 
strength. This is especially true in welding. We 
intend to mention briefly only two sides of this problem: 
metallurgical notch and corrosion. 

Metallurgical Notch. From the de- 
sign standpoint an ideal joint would 
be that one which would offer com- 
plete internal structural continuity and 
uniformity. Although a weld or a 
welded joint most nearly approaches 
this ideal amongst known nonseparable 
joints it is structurally neither con- 
tinuous nor uniform (Fig. 1). 

Two things must always be born 
in mind when visualizing a weld: (1) 
that weld metal is a cast alloy while 
parent metal may be forged, rolled, 
ete. and (2) that, due to the secondary 
heat effect during welding, some 


former the heat-affected portion of the working cross- 
section is more economically disposed than in the 
latter. Consequently, scarf joint is better than fish 
mouth and the latter should be designed only when 
there is no room for the former. 


Corrosion Problems 


Corrosion, this biggest enemy of metal, similarly to 
welding is often either over or underestimated. It is 
either feared or neglected by an average aircraft de- 
signer. It is feared because the majority of people see 
the destructive effect of corrosion without understand- 
ing its causes and, consequently, without knowing how 
to find the remedy. It lies in human nature to be 
afraid of the unknown and the mysterious. Today, 
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physical-chemical changes occur in 
the heat-affected zone. 

Consequently, these zones, having 
different structures, have also different 
properties. The structural  discon- 
tinuity causes what is known as a 
“metallurgical notch.” This discon- 
tinuity or notch may up to some ex- 
tent be relieved by postwelding 
mechanical (e.g., peening) or heat 
treatments but cannot be completely 
eliminated. A metallurgical notch, al- 
though its effect may be tempered, will 
always exist in a weld. 

If an evil cannot be avoided one 
should try to diminish its effect. Let 
us take a butt-welded tubular sec- 


arrecreo 
PageNT (BASE) METAL 


Fig. | Metallurgical Notch in a weld 


HEAT- AFFECTED ZONE a \ 


AFFECTED 


tion (Fig. 2(A)). It is not difficult to 
see that some working sections show 
100°; of heat-affected zone and the 


other 100°% of healthy structure. The 
former are 100°, under metallurgical- 
notch effect and, consequently, weak- ‘ 
ened and the latter exhibit parent 
material properties. This detrimental 
effect may be partly avoided by de- 
signing a searf (Fig. 2 (B)) or fish- 
mouth weld (Fig. 2 (C)). It may 
easily be seen that in the case of the 


Fig. 2 
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Distribution of notch effect in various designs of weld 


(A) Butt joint 
(B) Searf joint 
(C) Fish mouth joint 


THE WELDING JOURNAL 


) 
Gz 
| 30° . 
+ 
IONE 
G)- HEAT AFFECTED 
© 
| 


(A) 
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(B) 
Fig. 3 Corrosion and stress concentration in a flange weld 


(A) Incorrect 
(B) Correct 


however, there is no mystery about corrosion but its 
causes must be well known and understood in order to 
counteract its effect. 

Let us see the simplest possible everyday joint; low 
gage aluminum-sheet flange welded (Fig. 3 (A)). If 
gas welding is used there is always tendency to flux 
entrapment in between flanged surfaces. If the gap 
is small enough, approaching capillary size, no post- 
welding cleaning may remove this flux residue which, 
being hygroscopic, sucks moisture and causes a tast 
corrosion. But even if no flux is used, like in shielded 
metal-are welding, the gap may cause concentration 
cell corrosion. The best remedy against this is to 
make the flange only large enough to be completely 
melted during welding and the weld to have a shape 
of a butt weld (Fig. 3 (B)). This is typical of many 
other types of joint where there is a narrow gap welded 
up at one end. Yet, in most cases a little care in the 
detail design could eliminate this “corrosion trap.’ 


Production Problems 


A designer should always remember that things he 
designs should easily and economically be manu- 
factured. There is no point in designing a ‘“Chef-d’- 
Ocuvre” if it cannot be made or if it requires too ex- 
tensive new installation of machines or equipment 
It is remarkable how many difficulties are encountered 
in manufacture which could be avoided by quite minor 
changes in design. 

Without looking for a too complex problem let us see a 
most common everyday welding-design error: a plate 
welded to a tube end (Fig. 4 A designer not familiar 
enough with welding processes will design an edge just 
large enough to accommodate the fillet weld. Such a 
weld, as is known, cannot be correctly executed. Due 
to unbalanced heat dissipation either there will be lack 
of fusion or the edge will be burned. Correct design 
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Fig. 4 Effect of an insufficient edge width 


should provide a large flange which, when necessary, 
may be trimmed to desired size after the weld is done. 


Stress Problems 


No one will deny that a designer must be stress con- 
scious; that he must avoid stress concentration, Un- 
fortunately, welding, besides the previously described 
metallurgical notches, is a source of mechanical 
notches as well These may take the form either of a 
slag inclusion, or of a blow hole, or of a lack of penetra- 
tion or finally, of a sudden change of section of the weld 
toe (Fig. 5). The first three in the majority of cases 
are due to an unsuitable welding technique while the 
fourth one is an inevitable ‘“malum necessarium” 
of a weld. Its detrimental effect may be nullified by 
machining the weld flash or partly diminished by a 
suitable design. Besides, blow holes or slag inclusions 
are not necessarily dangerous if not too large and if 
present not too close to the surface 


Let us go back to Fig. 2 (A 


(As easily may be seen 
in the case of such a joint, one working section would 
contain all around its circumference a stress raiser 
Of course the effect of the mechanical notch would 
combine with the one caused by the metallurgical one 
Consequently, fatigue strength of such a weld would be 
low It may also be appreciated without any difficulty 
that the weld C and especially the weld B in Fig. 2 is 
superior to the weld A Experience has shown that a 
weld inclined at 30° to the center line allows the best 
disposition of both mechanical and metallurgical notches 
along the working cross sections. Similarly to the 
previously discussed metallurgical notch, the scarf 
joint (Fig. 2 (B)) is superior to the fish-mouth one be- 
cause a working.section of the latter may contain four 
times as much of the heat-affected zone as the former. 
This again shows why a scarf weld should be designed 
wherever possible and a fish-mouth joint only where 
there is not enough space to specily a scart joint 

The joint in Fig. 3 (A) shows another stress concen- 
tration in the case of a flange joint. There the weld 
metal and the bend of the flange are subject to addi- 


MECHANICAL NOTCH (STRESS maisee) 


SLAG INCLUSION/ 
OF FUSION (INCOMPLETE FUSION) 


Fig. 5 Mechanical notches in a weld 
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tional stresses due to bending moment M = Pc. As 
discussed in the next section, weld metal as cast alloy 
does not like to be under flexure stresses. 


STRESSES IN WELDED JOINTS 


Considering how widely welding is used, it is remark- 
able how much confusion exists over the most efficient 
way to carry the stresses in a welded joint. 

Welded metal being essentially a cast material, is 
most efficient if it can be used in compression. This is 
often impossible to achieve, and designers most com- 
monly use a weld in shear, and it is widely held that a 
weld should never be used in tension. Yet, there is a 
large volume of evidence including no less an authority 
than the Welding Handbook, the official publication of 
the AMericaN WeLDbING Society, that, in fact, weld 
metal is more efficient in tension than in shear. It is 
also very often easier to design away from stress con- 
centrations in a tension joint than in a shear one. 
Tension, therefore, should come next after compression 
in the order of preferred stress, with shear taking only 
third place. Where a weld is used in shear, transverse 
shear is to be preferred to longitudinal shear. Bending 
and torsion should in general be avoided. Typical 
weld efficiencies, in percentages of the strength of the 
basic material are given by the Welding Handbook as 


Compression 100°; 
Tension 85%). 
on For groove weld 
lransverse shear 75% 4 
‘Transverse shear 65° 

Longitudinal shear 50°% 


These figures show another often neglected point—-the 
greater strength obtainable from a groove as compared 
toalap joint. This is shown in Fig. 6. 

Figure 6 (A) shows how a groove weld keeps the weld 
material primarily in tension or compression, while the 
weld material in the lap joint of Fig. 6 (B) is subject toa 
combination of tension and shear. Moreover, the 
groove weld of Fig. 6 (A) has a minimum of stress con- 
centration. It has of course the combined mechanical 
and metallurgical notches which are inherent in all 
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Fig. 6 Stress distribution in butt and lap joints (weld transverse to the load) 
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welded joints, but the lap joint of Fig. 6 (B) has an 
additional stress concentration due to the sudden 
change in section at the start of the weld. It also puts 
into the joint a bending moment Pa due to the offset 
of the center lines of the two plates. 

Even worse is the lap joint putting the weld in longi- 
tudinal shear as shown in Fig. 7. Yet, such joints are 
used in many places where one or other of the types of 
Fig. 6 could have been employed. There are, of course, 
certain design applications where a joint of this nature 
is required, and in such cases every effort should be made 
to make the details of the design such as to relieve 
mechanical stress concentration as far as possible. 

Such joints are frequently designed as plain rectangu- 
lar overlaps, and the length of the overlap made large 
to provide “plenty of shear area for the weld.” In fact, 
the strength of the joint is almost independent of the 
length of the overlap, after a certain minimum is 
reached, all the load being carried by the two ends of 
the weld. This can readily be seen from some very 
elementary stress considerations. If the plates in 
Fig. 7 are subjected to an end load P, the stress in the 
material just outside the welded area is P/A, where A 
is the cross-sectional area of one plate. Just after the 
start of the weld, the two plates are forced by the weld 
to have the same strain, and therefore the same stress, 
at the joint line. The total load on the whole cross 
section must still integrate to P, therefore the load on 
each plate is P/2, or a load of P/2 must have been 
already transmitted across the first short length of 
weld. Until the other end of the joint is reached the 
load in each plate remains P/2, so no further load is 
transmitted across the weld and the center portion of 
the weld is almost unloaded as shown by the stress 
diagram (Fig. 7 (A)). Thus, theoretically there would 
be an infinite stress at each “end of the weld, with zero 
stress in between. 

In practice, this condition is relieved to some extent 
by local yielding of the weld metal permitting some 
redistribution of stress, as shown in Fig. 7 (A), but it 
still remains true that nearly all the load is carried by 
the welds at the end and the strength of the joint is 
almost independent of its length. 
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PREFFERED SCARF JOINT 


IN TRANSVERSE SHEAR 


(C) 


Fig. 7 Stress distribution in lap joint (weld parallel to the load) 


Moreover, this high concentration of stress at the end 
of the weld is occurring at a point which is already 
relatively weak due to inherent welding difficulties 

If the plates are of unequal thickness or unequal 
elastic properties the distribution is changed only in so 
far as the two end peaks become unequal, in the ratio of 
the thickness of the two plates as shown in Fig. 7 (B) 
This case is often found where a small fitting is joined 
to a large member. 

If, however, the joint is scarfed as in Fig. 7 (C) then 
the load can be distributed from end to end of the scarf, 
with a comparatively large reduction in stress concen- 
tration. 


APPLICATION TO TUBE-END FITTINGS 


The above principles can be readily applied to more 
complex forms of joint. As a next step, the case of « lug 
end welded into a tube may be considered 

This is frequently designed as shown in Fig. & (A 
yet this design incorporates a number of weaknesses 
which can be readily eliminated by a little more atten- 
tion to detail 

The square-cut end to the plate gives precisely the 


type of stress concentration just discussed for a lap 


weld—the sudden change in cross section not only is a 
stress raiser in itself, but also forces a concentration of 
loads in the extreme end of the weld. By relieving the 
inside of the plate and cutting it at an angle as shown 
in Fig. 8 (B), this can be avoided. 

Again, the narrow edge of the plate protruding from 
the tube will result in poor weld penetration, so that 
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there is not only a high stress concentration, but it 
occurs at an already weak spot in the weld. By finish- 
ing the plate flush with the tube as shown in Fig. 8 (B), 
the full strength of the weld can be developed at the 
critical e lge, and the plate can be swelled out later, if 
required in a region where the weld is carrying little or 
no load. In such # manner the area of unfavorable 
welding condition accompanied by bad penetration is 
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shifted from the point of maximum stress concentration 
at the end of the plate toward the area with low stress 
concentration. 

Exactly similar conditions occur in a cluster joint 
between a number of tubes running to a common point. 
A typical fatigue failure in such a joint is shown in 
Fig. 9. Here the stress concentration at the joint 
between the tube and the gusset is due only to the 
straight edges of the gusset, as there is ample edge dis- 
tance for welding. On the opposite side (A) where two 
tubes are welded together directly without a gusset, 
the weld metal is forming a bridge and as it shrinks on 
cooling, it tends to distort botl? tubes by pulling them 
together and so involves initial stress in both the tubes 
and the weld. In addition the acute angle between the 
tubes causes a tendency to over heating. The end of 
this weld is exactly opposite the end of the gusset so 
that both stress concentrations occur in the same 
cross section of the tube. Examination of the actual 
parts in this case indicated that the failure had started 
at point A. By relieving the gusset between the tubes 
and arranging its end 30° across the tube from A the 
stress concentration could have been greatly reduced 


and the failure most probably avoided. 


CONCLUSION 


It has not been possible in this paper to touch on more 
than a few of the problems of aircraft welding. It has 
been our object, however, rather to put these problems 
in their correct perspective, and show how careful atten- 
tion to the application in a detailed design of a few 
very well known, but often neglected, fundamental 
principles can make the difference between a satisfactory 
and an unsatisfactory product. 

A designer should remember that a fusion-welded 
joint has some degree of continuity and uniformity and a 


Fig. 9 Typical fatigue failure of a cluster joint 


welded structure can therefore be considered as an 
approach to a solid piece with some inherent stress con- 
centrations at the joints. He should consider his stress 
concentration due to changes of section on this basis 
and he should not attempt to translate directly from a 
riveted joint in which the attachment is made at a few 
local spots only. He also should remember that he 
cannot be his own welding expert and he should there- 
fore seek the advice of those with experience of welding 
processing at all stages of the design, even on an appar- 
ently simple joint to insure that his design can be satis- 
factorily manufactured. 
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Welding Standards 


» A plea for simplification of welding stand- 


ards 


by James F. Lincoln 


N APPROACHING the subject of possible changes 
in arc-welding electrode standards, it would seem 
to me there are two facts that should be primarily 
considered. 

The first is that there have been many billions of 
welds made in all kinds of structures which have been 
in operation for many years, successfully. Are welding 
is a fully proved process. 

Secondly, if standards are to be of maximum benefit, 
it is necessary to have tests which can be easily made 
on the job to the entire satisfaction of the people who 
are interested and responsible. What is offered here is 
thought to be just that. While it is different, these sug- 
gestions are given without thought of criticism of what 
has gone before. 

When we consider the fact that the deposited metal 
from all mild-steel electrodes is practically identical, 
except for the intermingling of the plate metal with the 
deposited metal, it is obvious that a great many of the 
specifications which attempt to distinguish between the 
various types are not necessary These specifications 
have the added disadvantage that the uninitiated, in 
reading these complications, is lead to believe that weld- 
ing is an extremely difficult process, and that great care 
and education are necessary to distinguish between 
unimportant differences 

There are also many specifications regarding the flux 
characteristics of the coating. This should be a subject 
dealt with between the manufacturer and the user 
Such details have nothing to do with the quality of the 
weld, but have to do only with the ease of operation in 
the various applications. 

We would not think of specifying the number of 
brushes that would be used, the speed of rotation, the 
type of insulation and the mechanical dimensions of a 
welding machine. These details are of interest to the 
customer and are always a matter of agreement between 
the buyer and the seller. Certainly they have nothing 
to do with technical specifications. 

James F. Lincoin is President, The Lincoln Electrie Co., Cleveland, Ohio 


Scheduled for presentation at the Thirty-first Annual Meeting, A.W.S 
Chicago, Ill., Oct. 22-27, 1950 


SEPTEMBER 1950 Lincoln 


and elimination of unessential 


testing 


In the same way, the type of coating, what it is made 
of, how the slag can be removed, whether it can be used 
on alternating current or direct current, whether it is 
straight polarity or reverse polarity, are all matters of 
satisfactoriness of operation in the individual cases and 
also of preference by the user 

It is obvious that any weld could be successfully 
made with any standard electrode in mild steel. The 
only difference is the relative skill needed and the ease 
and speed of operation, none of which has anything to 
do with a technical specification. Therefore, all such 
restrictions and information should be eliminated from 
specifications and should be a matter of application by 
the manufacturer producing the shielded-are electrodes. 

It would seem to me the restrictive nature of present 
standards is perhaps normal during the development of 
a process which is as important as are welding. There 
is no doubt, however, now that we have long experience, 
that a new view should be now taken of this matter. 
The following facts will show why I believe this 

The previous method to welding of joining plates 
has been by the use of the riveted joint. This has been 
the method used for generations and with fairly satis- 
factory results. However, welding has many advan- 
tages over riveting—lower cost, greater strength and 
greater ease of operation. These advantages have 
often been handicapped by our present standards which 
have greatly increased costs and complications far 
beyond what is necessary, as long experience has 
shown 

The approach under present standards develops a 
number of strange results. For instance, if there are 
two joints in mild steel plate, one made by welding and 
one by riveting, and they are of equal strength in ten- 
sion, the riveted joint would be accepted and the welded 
joint rejected under present standards 

If the same two joints were tested for ductility and 
were equal, the riveted joint would be accepted and the 
welded joint rejected under present standards 

If the same two joints were examined for voids, such 
as porosity, the riveted joint would be accepted and the 
welded joint rejected under present standards 

If the same two joints were inspected for tightness 
against pressure, which in the case of riveted joints is 
done by upsetting the edge with a chisel, this undercut 
would be accepted in the riveted joint, but the welded 


Welding Standards 715 


joint, with the same undercut, would be rejected. 
If these two same joints were examined for appear- 
ance and were identical as to looks, the riveted joint 
would be accepted, the welded joint rejected. 
If these joints were to be tested, however, to anywhere 
near the ultimate strength of the metal, the riveted 
joint would be destroyed and any welded joint of full 
section would be perfect. 

If a structure is to be made and it is to resist high 
pressures, as are shown in the Boiler Code, stress relief 
is necessary under the rules for welding, thus greatly 
reducing the strength of the structure. Riveting, with 
all of the above handicaps, would be accepted without 
stress relief. 

Because of this skepticism written into present weld- 
ing standards, whenever there is a failure of a welded 
structure, it is always the welding which is criticized, 
never the design, which is usually the reason. 

This is not true in riveting. No riveted job is suspect. 
Failure is thought of as an accident, only. As an 

' example, there were a number of ships which broke in 
two, some while standing at a dock, others in actual 
operation. Without hesitation the welding was cited 
as the reason, although the welds themselves in almost 
all cases showed no defects and the welded joints 
themselves did not break. The break was from the 
tearing apart of the plate. The broken riveted ships 
were accepted as normal, no notice being taken of them. 
We have been subjected since that time to thousands 
of pages of explanations, most of which are critical of 
welding; none of which criticized the design which was 
the actual cause of the failure. 


We see castings when improperly designed which 
' break in cooling after pouring. We do not criticize 
| the casting method and write rules against it. We 
‘strengthen the weak section and cuss the designer for 
this oversight. 

' The problems of the broken ships are design failures, 
‘even when we try to make welding the scape goat. 

If we are to have new welding electrode standards, 
what would be the correct approach? It would seem 
to me we ought to recognize a number of things; first, 
that the metal we are dealing with is very carefully 
selected steel of very restricted chemistry. The 
physical characteristics of this steel are completely 
known to all versed in the art when this chemistry is 
known. 

Second, we are depositing this metal in an electric 
are which has always been thought of as a preferable 
way of melting metal, compared to the gas flame as is 
used in open hearth, usually used in making steel. 
The steel in the plate made in the open hearth is gen- 
erally accepted without question. The weld metal, 
which is very carefully selected and deposited under the 
are with complete protection from contamination of the 
air, is specificationed to death. 

Why not think of welding as the joining of two plates 
together with material which is equally good or better 
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than the material in the plates themselves. That is 
what it is. If we do that, then our problem largely 
disappears. We think then of two plates being made 
into one homogeneous whole, and properly so. We can 
be completely sure in the case of mild steel that in the 
ordinary welding where a full section of weld metal is 
added to the plate, that the strength of this joint will be 
greater than the strength of the hot-rolled plates them- 
selves. This is because of the annealing action of the 
plate because of the high temperature at the time of 
rolling. 

It is difficult to understand what more the weld can 
do than to join the two plates together with a weld so 
they are equally strong or stronger than the plates 
themselves. Greater strength is of no benefit to any 
one. 

Perhaps there would be some question as to whether 
the weld itself had been properly made, whether there 
were voids in it. Much attention is given to this in the 
specification. These voids are not found in the struc- 
ture by testing a testpiece. It does not follow that 
because a man makes a good joint in one place that of 
uecessity he will make nothing but good joints. How- 
ever, if we are going to use the welded structure there is 
no reason why tests short of destruction could not be 
made of that structure that assures safety. This is the 
same test which is used on most structures of other 
kinds, and since they have been successful there, they 
would be in the case of a weld. 

There is one more criticism of the present standards 
which is obvious. In general, all tests are made by 
bending a test sample made by the operator with what 
is called face bend, side bend and root bend tests 
Theoretically, perhaps, it would be possible to have a 
test of this kind be indicative of something. Practi- 
cally, it is doubtful if it can be a practical test, the reason 
being that it is obvious that in all of these tests we are 
stretching a plate plus a welded joint. Obviously, if the 
plate is stronger than the weld, the plate will force the 
weld to do all of the stretching, in which case the weld 
will break because it will be stretched way beyond its 
ability to elongate. 

If, however, the weld metal is stronger than the 
plate, the plate does all of the stretching and often 
breaks, and the weld stretches not at all. This is no 
test of the weld. Actually, what happens is usually 
between these two. The weld in cases where the plate 
is stronger than the weld metal can be perfect in every 
detail, yet will fail in every test. If the plate is a 
purer, softer material, lower in carbon and manganese, 
the bend wouid take place entirely in the plate and the 
weld metal would not stretch. 

Obviously, a test of this kind is useless as a distin- 
guisher of quality. The best indication of this fact is 
that in the higher strength steels, which are now being 
used in pipe lines and in other strong steel applications, 
these tests are made, but since the weld metal or the 
plate in the heat-affected zone always fails, they merely 
throw the tests aside and proceed with the welding 
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without these tests. The results, however, have been 
universally successful. 

With all this in mind, would it not be well to approach 
this problem in a new way. If testing is what we want, 
then let’s make certain first of all that the weld metal 
is as strong or stronger than the parent metal. This can 
be done by stretching a testpiece to destruction and see 
that the break takes place in the parent metal 

The only other test is to make sure the weld metal 
and the plate are properly paired. For instance, we 
may be using high carbon steel in the electrode when 
low carbon steel should be used. This can be found 
out by making a weld and actually measuring the elonga- 
tion of the weld metal by a transverse bend and setting 
up standards for it. Obviously, if the weld is as strong 
or stronger than the plate, and if the bend test as 
described above shows weld metal like the plate, other 


tests are of no possible value. Both of these tests can 
be made very easily, very quickly and very cheaply. 


Any inspector who has any welding experience can 
tell by appearance of the finished weld whether proper 
technique has been used. In fact, an operator could 


not weld otherwise without its being completely 
upparent. 

When the welding is to be done on the other 5°% of 
metal, that are alloys, the same relative standards could 
be used, the same method of test could be followed with 
proper comparable standards and characteristics. 

Here is a usable plan to properly control a very 
rapidly growing industry. Do not handicap it. It is 
not well to try to apply the same rules to a man at 
maturity that we did when he was a child. Welding 
has come of age. Let’s treat it so 
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the process demands it. 


Flash Welding Nonferrous Materials 


» Comparison of the equipment and procedures for flash welding non- 


ferrous materials with ferrous materials. 


New developed techniques 


are described and welding conditions and results are tabulated 


by F. L. Brandt 


HE flash welding of ferrous materials is relatively 
simple just as the spot welding of ferrous materials 
is relatively simple. The wide plastic range of the 
ferrous materials combined with the ability to re- 
tain the heat permits satisfactory joint strength over a 
wide range of combinations of the variables. The 
highest quality machines, controls and supervision are 
required to produce consistent high-strength spot welds 
in nonferrous materials such as aluminum. Production 
control demands strict upkeep of equipment and meth- 
ods. The widespread spot and seam welding of alumi- 
num alloys in aircraft manufacture has developed the 
art. The application of flash welding to aluminum and 
other nonferrous materials is now in rapid development ; 
and just as in the case of spot and seam welding, 
equipment with precise control of the variables is 
required, 
All flash welding requires excellent alignment of 
the finished product. Not only is alignment required 
in the interest of the finished product but also because 


Misalignment results in 


. . 
uneven heating of the ends of the workpieces and tele- 
) scoping or sliding of one piece over or on the other. 


On thin extended sections or shapes this is prohibitive. 
Nonferrous demands closer alignment than ferrous 
materials because the nonferrous has relatively less 
strength and is much more liable to telescope when hot. 
Ferrous materials will permit relatively wide-platen 
opening to accommodate work shapes in clamps and 
still resist telescoping. Nonferrous demands relatively 
narrow-platen opening and, thereby, more accurately 
cut work lengths. 

Work must be aligned in the dies before the weld is 
made and alignment must be maintained by the ma- 
chine through to the finished weld. This means that not 
only dies but platens on which dies are carried must be 
accurately aligned. Furthermore, the platen motion 
must be truly on the same center line as the stationary 


F. L. Brandt is with the Thomson Electric Welder Co., Lynn, Mass 


Scheduled for presentation at the Thirty-first Annual Meeting, A.W.S., 
Chicago, LIL, week of Oct. 22, 1950 


718 Brandt 


Flash Welding 


platen. The machine components, particularly the 
work holding clamps, must be substantial and designed 
to withstand the upset forging forces of the push-up 
mechanism without noticeable deflection. The thinner 
or more extended the work section, the closer the 
machine tolerances become. 

When the work is ferrous, the dies must be copper or 
copper alloy in order to prevent the work from adhering 
or welding to the dies themselves. Premium yellow- 
metal alloy inserts are placed in the dies to help main- 
tain life and alignment of the work. 
materials may be held in steel dies, thereby permitting 
much greater die life and maintained alignment. 
These steel dies should be copper plated or tinned to 
prevent rusting and to assure good electrical contact in 
the secondary circuit. Either steel or copper-alloy 
dies may be water cooled, but the fitting up of the 
cooling circuit in replaceable dies is a nuisance and 
avoidable. High-production dies 
easily replaceable and as simple as possible and still 
have sufficient physical strength. 
mounted either on intermediate blocks or directly on 
the current-carrying platens. Either the blocks or pla- 
tens or both should be adequately water cooled and de- 


Most nonferrous 


should be made 


These dies should be 


signed to withstand the thrust of the die-holding screws. 
When the platen motion of the welder is properly de- 
signed for welding nonferrous the final die opening or 
spacing may be very small. In development of proper 
platen motion and narrow die spacing, “pinch-off” dies 
were developed. “Pinch-off” dies permit as little as 
0.005- to 0.015-in. final die spacing and pinch the upset 
metal to a point where it falls off or is readily knocked 
off. The pinch-off dies not only facilitate the removal 
of the upset metal but also improve the welding tech- 
nique 2nd permit more consistent welding of materials 
usually difficult to weld. 
produces a very narrow weld zone and very little heat- 
affected zone adjacent to the weld. High-tensile heat- 
treated aluminum alloys may be flash welded with re- 
latively little loss in strength compared to the heat- 
treated condition. Leaded brasses may be flash welded 
with acceptable production strengths. 
welded to aluminum with only 0.0005-in. thick weld 
plus heat-affected zone. 


The narrow final die spacing 


Copper is 
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“Pinch-off” dies are made 
by releaving or cutting back 
at an angle on the faces of the 
dies that face each other across 
the platen opening. The re- 
leaved portions of the dies 
should be inserts that may be 
dressed or replaced periodi- 
cally on production. Further- 
more, the “pinch-off” portion 
of the dies should be a prem- 
ium steel. Extreme care must 
be used in die- and welding- 
machine design to prevent the 
pinch-off die edges from strik- 
ing each other and completely 
eliminating their usefulness. 
(Production life—up to 40,000 
welds before dressing.) 

In order to apply ‘“pinch- 
off” dies, the flash welding 
machine must be very closely 
controlled. The flashing and 
upset motions must be pre- 
cisely repetitive and to a point 
where the knives of the pinch- 
off dies never touch but finally 
come to the rest with approxi- 
mately 0.015-in. spacing. If 
the welder deflects consistently 
and only a small amount, the 
deflection may be compensated 
for in the original setup. This 
deflection may be permitted up 
toa point where misalignment 
of the work occurs to the extent 
of producing faulty work or 
faulty welds. 

In flash welding two differ- 
ent nonferrous materials such 
as copper to aluminum, coated 
materials such as Alclad 568 
aluminum rods and “‘bleeding”’ 
alloys of copper such as leaded 
brass—a dual-pressure upset 
arrangement contributes to 
consistent high-strength welds. 
This duel pressure is designed 
so that the cutoff of current 
may be adjusted from a short 
time (a few cycles) before the 
first upset to a short time after 
the second upset. 

Both of these upset pressures 
must be individually adjust- 
able. When these difficult-to- 
weld combinations are flash 
welded in the conventional 
single-upset-forece manner, the 
weld is not only “cold shot” and 
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full of oxide, but is very apt to have longitudinal cracks 
Round rods look like a saw and the metal is brittle and 
coarse grained. In dual-pressure welding, the flashing 
action is snuffed out by a relatively fast moving, low- 


force, intensity upset. This low force and high current 
is maintained a few cycles (60 cycles reference timing) 
and then heavily forged. The flashing heats a narrow 
band on the ends of the workpieces, the first upset 
smothers the flashing and prevents oxidation. The 
upset current permits the heat to flow back in the work- 
pieces and prevents the work from being “cold shot” 
on final upset. If welding conditions are not correct, 
the work may burn in two during the initial upset 
period. 


Fig. 6 Bond between 
alelad 75S-T6 alloy. 
Etchant: Kellers 100 < 
reduced 50% in repro- 
duction 


Fig. 7 Copper to alumi- 
num (lower half). 100 
reduced 50% in repro- 
duction 


Cross section showing the 
junction and heat-affected 
zone. 21 


Weld junction showing re- 
crystallized fine-grained re- 
gion and the absence of any 
oxide, defect or cast metal. 
250 X reduced 30% in repro- 

duction 


Base metal. 250 X reduced 
50% in reproduction 


Fig. 8 Micrographs of M alloy flash weld. Etchant: 


acetic picral 
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Fig. 9 


top: copper bottom 
2x 


Weld junet tion with copper at 
left. 


Weld junction of higher mag- 
nification to show intergranu- 
lar penetration by the eutectic 
250 = reduced 50% in repro- 


Fig. 10 Micrographs of FS-1 to Cu flash weld. Etchant: 


Flash Welding 


Several nonferrous materials and combinations of 
materials have been welded and the procedure devel- 
oped to permit practical application. The welding 


conditions are reported in the accompanying table and 


reference is made to descriptive information. Air- 


operated flash-welding machinery was used throughout 


the work and the control consisted of an ignitron tube 


Cross section showing flow 
lines and extent of heat- 
affected zone. 2 x 


Weld junction showing re- 

erystallized fine-grained ma- 

terial and absence of any in- 

clusions, defects or cast metal. 

= 250 X reduced 50% in repro- 
duction 


metal. 250 reduced 
% in reproduction 


Base 


Micrographs of FS-1 alloy flash weld. Etchant: 
acetic picral 


eutectic 


duction 


acetic picral 


| 
Ca about 0.05 in. No evidence of 
x reduced 50% in reproduc- 
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Fig. 11 Macroon 
longitudinal sec- 
tion — titanium 
5 X Etch- 
HF-HNO,- 
Glyceregia 


contactor with 200° auxiliary-load resistors. All 
welding currents are full wave and cutoff is made by an 
adjustable mechanical multiplying device. 

Wherever possible the material to be welded is in the 
annealed state. Nonferrous materials usually have 
relatively low electrical resistance as compared to 
ferrous materials and therefore, require high-power 
ways to reduce this 


demands. There are several 


demand during the upset forging period and not se- 


riously affect the weld quality. Power-factor correction 
and three-phase converters (rotary or tube type) have 
been successfully applied but at great expense. The 
old idea of a reactor is being revived with the new 
addition of direct current for adjustment of saturation. 
The adjustment of saturation permits adjustment of the 
upset-current without affecting the flashing period. 
This not only reduces the power demand but also re- 
duces the heating in the weld after the upset forging 
has occurred. Many nonferrous alloys show their best 
welded strength when the weld zone is narrow and the 
heat-affected zone is narrow. Although none of the 
tabulated welding conditions were made with a sat- 
urable reactor—many of them can be. 

Figure 12 shows the actual oscillograph in the upper 
right and its enlarged calibration in the body of the 
figure. Note the pinch-off effect and four successive 
upset current periods before cutoff (half-cycle varia- 
tion). The platen motion exhibited by this oscillo- 
graph is ideal for flash welding nonferrous materials. 

This experimental work indicates that the required 
upset force should be in the vicinity of two-thirds the 
tensile strength of the parent material. In general, this 
rule applies to aluminum and its alloys and copper and 
The static upset forces given in the table 
indicate dynamic forces in the vicinity of 150°; when 
welding nonferrous materials on flash-welding machin- 
ery having suitable platen motion and control of the 
variables. 
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“Heliare” Welding in Production 


§ Developments of inert-gas-shielded arc welding in production 
applications in an aircraft plant based on economy of equip- 


by T. E. Piper 


HISTORICAL SUMMARY 


JECESSITY was the mother of Heliare welding 
Magnesium, the earth’s most abundant metal and 
l the most nonstrategic aircraft fabricating mate- 

rial of today, had been developed to the point 
where it could be launched on an important career in 
industry. Ten years ago John K. Northrop, President 
of Northrop Aircraft, Inc., with his characteristic fore- 
sight into the future of aircraft design, saw the possibil- 
ities of magnesium as a material for aircraft construc- 
tion. Realizing that a successful method of joining was 
a prerequisite to the success of adapting the material 
to aircraft, he conceived and instigated the development 
of monatomic inert-gas-shielded are welding. The 
cooperative efforts of engineers, technicians and shop 
personnel of the Northrop group produced the Heliare 
welding process in the spring of 1940, which opened the 
door to unlimited development in fabrication of mag- 
nesium alloy airframe assemblies. Figure 1 shows the 
XP-56 airplane, an all-welded magnesium airplane 
constructed, designed and built to heliare weld-fabri- 
cation methods. 

Heliare welding is an arc-welding process wherein the 
electrode, are and molten metal are shielded from the 
oxidizing atmosphere by an envelope of monatomic inert 
gas which flows from an orifice in the torch. This inert 
gas prevents the formation of oxides in the molten weld 
metal, eliminates the necessity of using flux and reduces 
the accumulation of heat around the weld, thereby 
allowing better fusion and penetration and less distor- 
tion than is possible with ordinary are welding. The 
elimination of flux removes the danger of flux inclusion 
in the weld metal Flux inclusions occur to a large 
extent in other types of fusion welding and cause so 
much corrosion in magnesium welds as to make welding 
of magnesium with flux unsuitable for use in aircraft. 
The improved fusion and penetration possible with this 


T. E. Piper is Chief Process Engineer, Northrop Aircraft, Ine., Hawthorne 
Calif 

Scheduled for presentation at the Thirty-first Annual Meeting, A.W.S., 
Chicago, IL... week of Oct. 22, 1950 


ment quality, ease of fabrication, uniformity and lowered costs 


Fig. 1 The Northrop XP-56 


An extremely advanced pusher-type tailless pursuit plane, was the 
first all-magnesium airplane and the first all-welded airplane ever 
built Engineers designed a light but strong structure using almost 
no aluminum or steel parts—a development of great strategic impor- 
tance. Completely “buried” engine installation drove twin counter- 
rotating propellers located behind the streamlined nacelle 


method of welding produces joints of greater and more 
uniform strength, thereby permitting higher design 


allowables 


GENERAL PRODUCTION APPLICATION 


Ten years have elapsed since the Heliare process was 
first tried and proved in production welding at North- 
rop. Although developed principally for magnesium, 
research laboratories soon found’ that all metallic 
alloys and many elements such as titanium can be most 
satisfactorily welded with this process. All ferrous, 
alloy-steel, copper, nickel, aluminum and super-alloys 
are welded satisfactorily by this method today 

As shown in Fig. 2, the original torches were air 
cooled and were developed around d.-¢ generating 
equipment Using this type of torch the process was 
definitely hampered because the torch capacity and 
service life were limited. Therefore, as research tech- 
nicians and manufacturers tried other materials, the 
need for a water-cooled torch and other types of elec- 
trical equipment were developed to overcome these 
limitations 

As the water-cooled torch was being developed the 
a.-c. type transformer was also being investigated as a 
welding-current supply. With the use of a.-c. current 
some method had to be introduced to initiate and main- 
tain the arc; therefore, high-frequency current was 
superimposed on the welding current to supply a path 


for the a.-c. current. Note Fig. 3 
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Fig. 2 (Upper left) Shows early deve 


air-cooled Heliare torch. (Lower left) Air-cooled torch for use in restricted 


assemblies. (Upper right) One of the first manufactured air-cooled torch. (Lower right) The present Heliare water- 


Since a.-c. high frequency was introduced, the process 
has revealed many advantages for welding thin-gage 
corrosion-resistant steel which is also desirable for the 
welding of all gages of aluminum. 

A welding engineer of a large manufacturing concern 
fabricating refinery equipment stated that when difficult 


cooled torch design 


welding conditions are encountered they usually turn 
to the Heliarc process to facilitate production welding. 
This process has become more useful and versatile than 
the other types of welding because (1) equipment cost is 
moderate, (2) automatic equipment producing superior 
results using continuous wire feed is available for cor- 
rosion-resistant steel and aluminum, (3) use of flux is 
eliminated, (4) warpage is reduced, (5) weld quality is 
better and more uniform, (6) grinding costs are consid- 
erably less. 

Most small fabricators and manufacturers have d.-e. 
welding machines and the Heliarc equipment may be 
added without a large investment. Thus the designer 
and welding operator have available combinations of 


Fig. 3 D-C and A-C electric welding equipment with a , 2 : 

water-cooled torch. Continuous current control is possible Courtesy of Southwest Engineering Co 

for both types of equipment with the foot units shown on Fig. 4 Brass tube bundle heat exchanger for oil refinery 
floor equipment 
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Courtesy of Southweat Engineering Co 
Fig. 5 Large stainless-steel cone assembly-tank cover 
fabricated for the oil refinery industry 


Automatic inert-gas metal-are equipment 


welding processes to select from, employing the same 
electrical equipment for metal are and inert-gas metal- 
are welding. This is also true for a.-c. welding machines 
Having a 
choice of various processes for fabrication the most 


which are designed for the Heliare torch. 


economical procedure is possible by incorporating 
metal-are, inert-gas are welding or both when necessary 

In Fig. 4 is shown a tube-bundle heat exchanger for 
use in oil refining. The operator is welding a '/,-in 
thick brass angle 1'/, in. wide to '/,-in. brass sheet 
The Heliare process is used in this instance because of 
the time saved by eliminating the use of flux. Also, 
a better quality weld is produced by eliminating porosity 
and flux inclusions. 

A combination of Heliare and metal are welding is 
shown in Fig. 5. This is a cover of corrosion-resistant 
steel storage tank fabricated for a large refinery. The 
cone assembly is 20 ft. in diameter made of '/,-in. Type 
316 corrosion-resistant steel. The triangular sections 
are welded with automatic Heliare welding unit 


Welding speed is 30-in. per minute. Approximately 


Courtesy of McHale Manufacturing Co 


Fig. 6 Corresion-resistant (302) steel milk vat manufac- 


tured for the milk industry 


Capacity 960 gal. 
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Welding 


50°; saving in time is shown for this automatic equip- 
ment in comparison with metal-are welding. Here 
again with the elimination of flux, the weld quality is 
appreciably improved and considerable savings result. 

The dairy- and fruit-processing equipment manu- 
facturing companies are using increasing amounts of 
corrosion-resistant steel. A 960-gal. milk vat is shown 
This unit is fabricated of 0.109-in. thick 
All joints on the 


in Fig. 6. 
Type 302 corrosion-resistant steel. 
sheet stock except the last corner weld are joined with 
an automatic Heliare unit using a special holding fix- 
ture. The flat sheets are butt welded, the weld re- 
moved from the inside surface and then formed to the 
correct contour. The hat section at the middle of the 
unit is Heliarec spot welded. Formerly holes were 
drilled in the center of the hat section and tack welded 
and rosette welded with the metal-are welding process. 
With the use of the spot welder considerable drilling 
time is saved and flux removal is eliminated 

Heliare spot welding is a method of making small, 
localized fusion welds from one side of two lapped pieces 
of metal. The heat for making the weld is produced by 


Fig. 7 Heliare spot-welding application for fabricating 
chromium-plated steel chairs 


Welding performed on the plated tubing with a small */« in. steel 
filler at the joint 


urtesy of Virtue Bro Wig Co 
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an electric are between a tungsten electrode and the 
work. The fundamental principles of spot welding are 
the same as for the Heliare process generally in that an 


Courtesy of McHale Manufacturing Co 


Fig. 8 Heliare-welded milk storage tank fabricated of 
low-carbon steel and 302 corrosion-resistant steel 


Courtesy of Southern Pacifie Co 
Fig. Heliarc-welded Everdur water tank used on railroad 
coaches 


Piper 
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inert gas protects the weld puddle and the electrode 
from contamination. Welding action is controlled by 
the current input to the arc and the time the arc dwells 
on the work. Figure 7 illustrates an application of 
this spot-welding process. 

Another milk-storage tank is shown in Fig. 8. The 
outside shell is fabricated of mild steel with the longi- 
tudinal joint welded with an automatic Heliare unit. 


Courtesy of Security Engineering Co 
Fig. 10 Teeth on this oil drilling tool bit are hard faced 
with the Heliare process 


Part is partially submerged in water while welding and in conjunc- 
tion with the concentrated heat, prevents heating the internal bearings 


Fig. 1 


Manually welding with an Air-Cooled Heliarc 
torch 
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Courtesy of Vic Pastushin Industries 


Fig. 12 Manual and automatic Heliarc-welded 3S alumi- 


num expendable aircraft fuel tank 


The inside shell and external fitting are made from 302 
corrosion-resistant steel. The inside longitudinal joint 
was welded with the automatic unit also 

Application of the Heliare process as compared to 
other welding methods for the above units eliminates 
porosity and reduces grinding time on the welds, for all 
inside surfaces, which must be smooth to facilitate 
cleaning in order to prevent milk contamination 

The railroads have many applications for the process. 
They tanks, 


window Figure 9 


weld corrosion-resistant steel water 
frames and Everdur water tanks 
shows a tank fabricated of 16-gage Everdur alloy 
which difficult to weld by other 
processes due to warpage and porosity. D.-C. Welding 


current, argon gas and Everdur rod was employed for 


would have been 


welding. 
Shown in Fig. 10 is an oil-drilling tool bit which is 
The 


partially submerged in water while welding and with 


hard faced using the Heliare process part is 
the concentrated heat, prevents heating the internal 
A carbide- 
type hard-facing rod is welded on the 4812 alloy cutting 
teeth. 


bearings on which the cutting units rotate 
The supporting yoke is 4815 alloy material 


AIRCRAFT PRODUCTION WELDING 


Foremost in engineering design considerations is the 
proper selection of materials and their structural form 


Courtesy 


Fig. 13 
craft fuel tank 
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of Vi 
Holding fixture for automatic welding longitudinal butt weld on air- 


for the intended application. This selection depends 


upon suitable physical characteristics to resist imposed 


stresses, corrosion, adaptation to processing, procure- 
ment and ability to respond to methods of quality 
control. The manufacturer’s reputation is entirely 
dependent upon the adequacy of controlling the quality 
of production processes in properly designed parts. 
The welding processes are of foremost importance in the 


The Heliare 


welding process is less fatiguing to the operators than 


metal fabrication industries of today 


the other methods of welding, resulting in higher aver- 
age production-weld quality. Figure 11 illustrates the 
operation of the Heliare process 

Since economical efficiency of the product must be 
achieved by designing to the very limit of the capacity 
and endurance of the product as a whole, the perform- 
ance of a structural part is governed not only by one or 


Fig. 14 


Heliarc welded 61SW aluminum hot-air duct 
assembly for an airplane windshield 


15 Airplane air-duct assembly fabricated of 347 
corrosion-resistant steel 


two of its physical properties but by 


a combination of several of them 
together with the function of that 
part and its useful life 

Welding, as the 


AMERICAN WELDING Society is the 


defined by 


“localized intimate union of metal 
parts in the plastic or plastic and 
molten states with the application 
blows, 


of mechanical pressure ot 


and in the molten or molten and 
vapor states without the application 
of mechanical pressure or blows,” 


applies to all forms of welding 
the 


forge fire, by an 


whether metal is heated in a 


inert-gas arc, or 
by a gas torch. The construction 
of modern aircraft employs all types 
welding to join 


and methods of 


Pastushin Industries 


the many thousands of parts and 
raw stock pieces required for the 
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Fig. 16 This flight photo of the Northrop Scorpion XF-89, the . fir Force’s high speed “blue ribbon” experimental all- 


weather interceptor, shows the XF-89 climbing ‘ 


“upstairs” 


on a test flight from Edwards Air Force Base 


Equipped with eerie X-ray “eyes” that enable t to penetrate darkness, fog and 5p the X F-89 is the prototype of more than 100 F-89 inter- 


ceptors to be built for the Air Force by Northrop 


might fighter, the 


pion has a wing of 50 ft. 
Ib. The cockpit canopy is power ope and : 


savings of weight that is of primary consideration 


- even at the expense of some complications in design 


or manufacture. The safety of the airplane and 
personnel are entirely dependent upon the materials 
used and the manner in which they are joined. 
Automatic Heliare welding of aluminum is being 
applied to an advantage as illustrated in Fig. 12. This 
assembly is an expendable aircraft fuel tank. The 
material is 380 aluminum 0.064 in. thick. Both man- 
ual and automatic Heliare equipment is used with a.-c. 
high-frequency welding transformer. All longitudi- 
nal seams and circumferential joints at the center 


_ section are welded on holding fixtures which accommo- 


date automatic units. 
are manually welded. 
units and bolted at the center section as shown. 


The formed tips and fitting~ 
The assembly is welded as three 
Figure 


The XF-89 placed first in an Ai 
by twin jet engines and is manned by a crew of two, pilot and radar observer. Heavier 

Secor, It is about 50 ft. he an - ft. high. The design gross weight is over 30.000 
seats are provided for emergency + 


oree competition for all-weather fighters. It is powered 
t slightly smaHer than the Northrop Black Widow F-61 


13 shows the fixture and automatic welding unit for 
welding the center section of the tank illustrated 
Fig. 11- 

The Northrop Scorpion XP-89 airplane, Fig. 16, 
contains many structural Heliare-welded parts typified 
by 61SW aluminum hot-air ducts, Fig. 14, and stainless- 
steel air ducts, Fig. 15. 

Acknowledgment is due The Linde Air Products Co. for 
its contributions toward the development of the valuable 
production facility the Heliare process is today. 

In conclusion, it can be said that the foregoing illus- 
trations point out the significant advances in the science 
of welding of parts with greater facility and higher 
quality than would have been attainable without the 
Heliare development. 
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Welded Aluminum Ammonium 


Tower 


Nitrate Prilling 


» Equipment fabricated from aluminum 61-S-T6 to withstand severe service 
conditions involving strength, fatigue, corrosion and temperature changes 


by H. N. Hockensmith 


INTRODUCTION 


ETALS used in the Chemical Industry must 


satisfy rigid demands. In addition to possessing 
| a quality of high strength and being able to resist 

vibration from adjacent operating equipment, 
they must be resistant to corrosion from the material 
being handled both in order to prevent the material 
itself from being eroded and also to minimize a possibil- 
In addition, 
in order to keep maintenance costs low the metal gen- 


ity of contaminating the finished product 


erally must be able to withstand sudden temperature 
changes. Cost is of course a primary consideration 
Aluminum 61-S-T6 sheet was selected as meeting the 
requirements for ammonium nitrate service in’ the 
Prilling tower and air ducts in the plant recently con- 
structed by Brown & Root, Ine., for Phillips Chemical 
Co. in the Texas Panhandle. Ammonium nitrate 
solution (NH,NO;) used in this process is made up of 
nitric acid (NHO;) and ammonia (NH, 


form the solution into pellets it was necessary to erect 


In order to 


an airtight aluminum 22 by 32-ft. rectangular tower, 155 
ft. high. Two 75,000-CFM blowers circulate cold moist 
air upward through the tower contacting the solution 
which is sprayed into the tower as a fine mist from spray 
heads. These drops of solution freeze into prills while 
falling through the rising cold air. The prills are col- 
lected on a conveyor system, passed through dryers, 
coolers, mixed with clay and bagged. The finished 
product leaves the plant in 100-Ib. bags of prilled am- 
monium nitrate fertilizer. In addition to this solution 
being extremely corrosive it also tends to freeze and 
collect on any surface while moist. The mirror-smooth 
surface of the aluminum sheets was a prime factor con- 
sidered in its selection for this particular service. Some 
of the unique features of this job were brought about be- 
cause the plant had to be complete by very early spring 
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in order to meet the summer fertilizer market; in other 
words it was necessary to complete the tower as a winter 
job in a country noted for its high winds, dust storms 
and frequent extreme temperature changes 


ALUMINUM DETAILS 


The structural steel framework on the tower was 
erected in a conventional manner. Six-inch steel chan- 
nels spaced on 3-ft. vertical centers served as a means of 
attaching the aluminum wall sheets to the tower struc- 
ture. The wall sheets were furnished to the job pre- 
fabricated by tack welding a vertical aluminum stiffener 
angle to one end of a cut sheet of 0.081l-gage metal and 
by tack welding a horizontal angle 1'/. in. from the 
upper edge of the sheet. This angle was drilled to match 
the drilling in the channel iron girts. To prevent the 
solution from tending to collect on the tower lining 
the sheets were lapped dowaward (shingled As 
furnished one ring was made up of 10 panels. The 
tower alone therefore contained 10 full-height vertical 
butt seams and 43 horizontal lapped seams. Five- 
eighth-inch stainless steel machine bolts were used to 
secure the aluminum angle to the channel iron girts. 
The designers, in order to prevent the setting up of a 
galvanic cell by contact of the aluminum with the car- 
bon steel, provided a '/s- by 3-in. gasket to be placed 
between the aluminum angle and the girts as shown in 
Fig. 2. The airtight aluminum liner was formed by 
lapping the 39-in. wide panels 3 in. and making a con- 
tinuous inside weld. The specifications called for a 
continuous outside weld but this was considered superflu- 
ous by the owners, who decided that a 2-in. bead on 
12-in. centers was sufficient. The entire job, including 
the return air duct, required approximately 10,000 ft. of 
welding 

This 3- by 22-ft. rectangular aluminum duct was de- 
signed to follow the general pattern used in the tower 
proper, the principal difference being that prefabri- 
} 


Dy shop welding 


cating had been carried one step further 
the horizontal seam between two 3-ft. panels. The 


number of field welds were materially decreased but the 
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fit-up was made more difficult. The duct adapted itself 
readily to being assembled on the ground in five 20-ft. 
lengths weighing about 3 tons each including the support 
structure which was used as a ridged back-up frame 
after pulling it to true line with coffing hoists and jacks. 
Since shop conditions could be approached on the 
ground, the actual duct welding did not present a very 
great problem. Considerable time was lost, however, 
because the prefabricated sheets 
slightly distorted. This portion of the job would have 
been simplified had the prefabricating been confined to 
tack welding angles and the balance, job assembled, 
where a complete ring of 3-ft. sections could have been 
completed before the hold-down clamps were removed. 


were necessarily 


SCAFFOLD REQUIREMENTS 


It was necessary for the working scaffold to satisfy 
several requirements besides being fairly simple to move. 
The main platform consistedof a plywood deck supported 
on welded pipe trusses. Old gasket material was used to 
seal off the updraft between the platform deck and the 
Stability was achieved by mounting 8 
rubber-tired wheelbarrow wheels on a simple screw 
arrangement and spacing them evenly around the 
platform perimeter. This arrangement also prevented 
the wind from drifting the platform to either side. A 


tower liner. 


service elevator was operated through a 6-ft. square 
The addi- 


tion of the smaller service elevator provided a simple 


opening in the center of the main platform. 


means of supplying the work regardless of outside wind 
conditions. Both the main platform and the service 
elevator were operated by a gasoline-powered 2-drum 
hoist. The hazards of repeatedly raising the platform 
in 3-ft. lifts were reduced by securing safety lines to 
ach of the four corner columns. Since the whole 
operation was dependent on being able to maintain a 
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Fig. 1 Completed aluminum prilling tower 


Aluminum Tower 


blanket of inert gas at the weld it was necessary to 
keep 3 or 4 complete rings of panels hung above the 
platform to act as a wind break. The actual tower 
welding therefore was performed in a 20- by 30-ft. 
rectangular room about 12 ft. deep. An adjustable 
system of hold-down bars (Fig. 3) was anchored to the 


platform deck to minimize sheet distortion. These 


Continuous field 
weld 


sin. JM No, 84 
gasket 

Inside of tower — 
liner 


il. angle welded 
to shell 


Heavier lines field welded—lighter lines shop welded 


Fig. 2) Aluminum steel: typical wall section 
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Fig. 3 Hold-down bar detail 


bars were required although Heliarec’s highly concen- 
trated heat naturally tends to reduce distortion. The 
platform was also equipped with four floodlights. In 
this way it was possible to accomplish nearly as much 
work on the night shift as was done during the day. 
Generally the outside temperature was lower at night 
but this was offset normally by a drop in wind velocity. 


GENERAL PROCEDURE 


Tower wall panels were field welded with 4 Hi Fre- 
quency A.-C. Transformer type welders, rated at 200 
amp., with 100% duty cycles, equipped with an auto- 
matic solenoid argon cutoff valve and time relays 
One of these relays is adjusted to allow gas coverage at 
the torch 5 sec. before the weld melt is actually started. 
This protects the metal from the contaminating oxides 
that would be formed by starting the tungsten are in 
the atmosphere. Another time relay is adjusted to 
allow a flow of argon over the tungsten for a period of 
12 sec. after the welding arc is broken. This allows the 
tungsten to cool in a blanket of pure inert gas, thereby 
preventing the atmosphere from contacting the hot 
electrode. Although not absolutely necessary, this 
arrangement is highly desirable and will more than pay 


for the additional cost of this control pte by conserv- 


ing the argon flow time to an absolute fninimum, as well 
as reducing tungsten consumption. For nonauto- 
matic operation, a simplified manually operated valve 
is available that is actuated by hanging the Heliare 
torch on a control arm, thereby closing the argon flow 
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when not in use. 
shop use. These four welding machines were placed at 
the four corners of the service elevator opening on the 
main scaffold. All aluminum panels were raised on the 
service elevator and buffed with a stainless steel brush 
of fine gage wire. This removed most oxides, dirt and 
grease particles that had accumulated in transit imme- 
It was found that 


even the fine oily film left by the contact of human hands 


diately before erection and welding 


would develop trouble, as did the dust and sand that 
filled the air on a great many days. The oxide-forming 
foreign particles accumulated on the 43’s filler wire 
were removed shortly before the wire was to be used by 
immersion in nitric acid followed by baths of caustic 
soda and water (Fig. 4 

The filler wire was cut in approximately 10-ft. lengths 
and coiled for convenience in handling before being 
cleaned. It is extremely important to have a clean 
surface, as well as clean filler wire in order to obtain an 
attractive, dense joint. The argon blanket effectively 
shields the weld puddle from contamination once the are 
has been struck. 
installed to the full height of one of the corner columns 


A three-phase, 440-power circuit was 


providing current for the machines at any elevation. 
This arrangement of machines was highly satisfactory 
and had many advantages 

By locating the machines near the work, it was pos- 
sible to use shorter length lead cables. This location 
made it possible for the welder operator to adjust the 
welding heat as required to suit varying wind and tem- 
perature conditions around the tower. It was found 
that a variation of as much as 30 amp. on the same type 
weld joint was necessary depending on whether or not 
the back side of the panel was exposed to the sun. 

The argon cylinder and flowmeter were located 
adjacent to each machine making it possible for the 
welder to adjust the flow of argon. Gas conservation 
is important due to the relatively high cost by volume; 
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Fig. 4 Filler wire is coiled and cleaned 
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Fig. 5 Conventional HW-4 electrode holder 


however, the cost per foot o° weld need not be excessive. 

The convenient arrangement of having the machines 
located on the scaffold would not have been possible if 
electric power had not been available. Actually the 
job was first started using gasoline-powered machines 
located on the ground but we experienced considerable 
down time due to cold weather, refueling and time lost 
due to the operator not being ablé to quickly adjust the 
heat to suit changing conditions. The gasoline-pow- 
ered machines were kept in service, prefabricating pipe 
in the welding shop, but the transformer type were in- 
stalled on the seaffold. 


MODIFIED TORCH 


Working under shop conditions the standard water- 
cooled Heliare torch HW-4 proved to be very satis- 
factory; however, considerable lost production time was 
encountered when we attempted to use the torch ex- 
posed to extremely cold weather and necessarily rough 
handling. A field-designed air- and gas-cooled electrode 
holder eliminating the troublesome water hoses and fuse 
was fabricated by drilling a */ys-in. gas inlet hole through 
a °/sin. bronze copper rod approximately 6 in. long. 
This was used as the torch body and resulted in its hav- 
ing a much heavier wall than the conventional torch. 
One end of the rod was upset and drilled to receive the 
25-ft. section of No. 2 welding cable. The other end of 
the rod was beveled to fit the torch head which was 
made from a similar piece of rod, drilled and threaded to 
take standard Heliare accessories. Connections were 
made with silver solder. Figure 5 shows the conven- 
tional HW-4 torch. The modified torch is shown in 
Fig. 6. The insulating handle has been removed from 
both torches. It was first thought that heat in the torch 
handle would be a major problem but currents as high 
as 200 amp. were used for entire shifts without the 
torch handle becoming excessively hot. Part of the heat 
is carried away by the argon gas flowing through the 
holder while the increased cross section of the torch 
body adds to its ability to dissipate the I7R heat losses 
It was not necessary to cool the No. 2 
Roughly comparing 


generated. 
welding cable mentioned above. 
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Fig. 6 Field modified electrode holder 


the cables, 25 ft. of the standard lead cable carrying a 
current of 200 amp. must lose approximately 1000 watts 
through the circulating water while 25 ft. of the No. 2 
cable used* must lose only 200 watts. This heat is 
readily dissipated by the atmosphere. 


COST 


Comparing field welding costs under conditions simi- 
lar to those discussed here with production line shop 
cost would serve no practical purpose. The quantity 
of tungsten electrode, ceramic cups and gas used will 
vary considerably with the conditions under which the 
work is performed. We found, for instance, that the 
recommended five to six liters of argon per minute was 
adequate for shop welding when the work was protected 
from draft, but the volume had to be increased as high 
as six to ten liters per minute to work on the tower. 
Under some extreme conditions it was even necessary 
to skip short sections until the wind direction changed. 
Using 4 machines, the principal job was completed by 
finishing an average of 1' » rings per shift or 48 ft. per 
man per shift. The actual welding then, using a welder 
and helper as a team at $2.25 and $1.50, respectively, 
makes the over-all labor cost per foot 66.6 cents. It 
must be realized that included in this cost is considerable 
labor time that is not a direct welding cost but covers 
the cleaning of the joints, fit-up and all down time due 
to weather, mechanical failure and the time required to 
move the platform. 
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resistance is 0.196 ohm per 1000 ft. cable was chosen because of its flexi- 
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Welding at the Railroad Reclamation Plant 


® Economy of reclamation must be checked constantly as 


well as serviceability and safety. 


by W. G. Muschler 


]ELDING at a Railroad Reclamation Plant carries 
|} with it many major responsibilities which, of 

\\ necessity, are divided into the categories of 
reclamation and manufacturing 


RECLAMATION AND MANUFACTURING 


Since reclamation can be applied to material used by 
every department of the railroad, we must decide if the 
reclamation means a saving to the railroad; will 
the reclaimed item serve as well as new material; will the 
reclaimed item meet. A.A.R. and railroad specifications 
and requirements; is there a need for the reclaimed 
material? 

The economy of reclamation is something the per- 
sonnel of the reclamation plant must check constantly. 
If the cost of labor and material to reclaim an item, 
plus the overhead, less the value of the item, if sold as 
scrap instead of reclaimed, is higher than the cost of 
the new material, then the railroad would lose money 
by reclamation unless new material is unobtainable. 

The proper place for a reclamation plant is adjacent 
to the scrap yard, because literally, ““Thar’s gold in them 
thar hills.” 

Reclamation means “to make a waste product useful.”’ 
This can include converting or reworking or reshaping 
the waste material into something entirely different 
from its original form. Through the welding process 
many items of material are built up or welded to their 
original state of usefulness. Some are reclaimed many 
times, giving service as effectively as when originally 
purchased. 

Welding also has another very useful purpose. A 
weak spot may be detected and by welding, it will be 
strengthened. In effect, this is a practical method of 
research which leads to an improvement in design. 

The question of serviceability of the reclaimed item is 
very important. The using department has a right to 
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Examples of reclamation 


expect the same life and good results from the reclaimed 
item as from new material 

The A.A.R. Interchange Rules and our own Engi- 
neering Specifications must be rigidly followed as they 
define the limits of welding processes. Therefore, all 
work at the reclamation plant is checked from those 
angles. 

All reclamation of material is done on orders approved 
by the using department or, if for stock, by the store- 
keeper. Material is not reclaimed in advance of 
receipt of properly approved order, nor merely to keep 
the plant busy. 

To the foregoing must be added the psychological 
feature. The user may be skeptical of using reclaimed 
material, so reclamation must be sold to each mechanic 
and officer, and the best sales talk is a product good in 
appearance as well as in quality 

Welding by all processes requires the utmost care and 
good judgment on the part of the welding operator. 
The operator’s ability to satisfactorily perform the work 
in question, by the process selected, must be certified 
by the officer in charge, on the basis of the tests for 
qualifying welding operators as set forth in the Welding 
Manual of Standard and Recommended Practice of the 
A.A.R. 

The welding operator’s ability is primarily qualita- 
tive. He should not be blamed for failure if he is 
directed to weld or braze materials that do not lend 
themselves to fusion or adhesion, or to perform a job 
with the wrong process or materials. That is why the 
A.A.R. welding operators’ qualification test is strictly 
on the basis of the operator’s ability to control molten 
metal. I am sure that all welding operators are aggres- 
sively interested in making a perfect weld. That is 
their ambition. 

As provided in the Welding Manual, the entire crack 
or fracture must be cut out with a cutting torch or 
chipped out or ground out for a sufficient distance so 
that no portion of the crack remains 
upon which new material is to be deposited, must be 


The surfaces, 
clean and reasonably smooth. If the surfaces are pre- 
pared by flame cutting, the oxide scate must be removed 
before new metal is deposited. 

A single pass is preferable in making the weld deposit 
in oxyacetylene welding 
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For are welding, various procedures are acceptable. 
Multiple pass welding in layers of about '/s in. thickness 
is desirable. Care is taken to avoid heavy reinforce- 
ment and abrupt changes in section thickness at the line 
of fusion. Excess metal must be dressed down to proper 
dimensions on built-up surfaces. Our practice in all 
possible operations is to position the work so as to weld 
downhand. 

Proper heat treatment after welding is very impor- 
tant. Annealing, normalizing or stress relieving is done 
at a rate of about 500° F. temperature increase per hour, 
and then held at the specified temperature for 1 hr. 
per inch of maximum thickness of material. 

For annealing, the temperature shall be 1500-1600° 
F., and material shall be allowed to cool to temperature 
of 500° F. or lower in the annealing furnace. 

For stress relieving, the temperature shall be 1200 
1250° F., and if done in furnace, the material shall be 
removed and allowed to cool in still air. This can often 
be done with the oxyacetylene torch by bringing the 
area to a red heat and allowed to cool in place. 

Normalizing requires the temperature to be 1500 
1600° F., and material removed from furnace and al- 
lowed to cool, protected from drafts and weather. 

The most common metals used in railroad structures 
are mild steel, cast steel and malleable iron. Each of 
these materials requires the proper filler rod material 
to duplicate as closely as possible the physical properties 
of the respective materials to be welded, except, of 
course, the areas normally subject to abrasion, in which 
instance, a specific type of weld metal may be applied 
to reduce the rate of abrasion, thus prolonging the 
service life of the material. 

: Let us now review the typical welding procedures 
’ which are found in yur reclamation plant. 


Valleable lron Freight Car Journal Boxes 


The first step, and it is a very important one, is 
thorough cleaning by burning off the oil and refuse in the 
annealing furnace, using a low temperature, This is 
necessary to expedite a good sand-blasting job. 

At this point, it seems desirable to explain by photo- 
graph the eycle of journal-box reclamation. Sand- 
blasting permits ready location of cracks. 

Figure 1 shows the welding operator building up the 
wedge-seat surface. For building up areas subject to 


‘/s-in. bronze is used to provide a very hard 


surface. For welding cracks and fractures, '/\-in. bronze 
is used as it adheres very well to malleable iron and 


abrasion, 


provides a strong weld. In welding malleable iron 
parts, it is mandatory to use the oxyacetylene bronze- 
welding process for making repairs in sections subject 
to tensile stresses. The amount of metal applied is 
accurately controlled, so that a minimum of grinding 
is required to bring the area to correct dimension. 
Figure 2 shows the grinding of the dust-guard surface. 
With the completion of the grinding operation, the 
reclaimed box is ready for additional years of service 
and a saving of approximately 75°; of the purchase 
price is realized. 
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Figure I 


Figure 2 
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Another important item in 
use on the railroad is the 
machine-switch plate, as shown 
in Fig. 3. These are built up 
to original thickness by the 
use of '/ in. steel welding rod 
applied by oxyacetylene proc- 
ess. This rod provides a very 
hard-wearing surface which 
hardens further with use. Ree- 
lamation of this item saves 
approximately 80°; of the origi- 
nal purchase price. Figure 4 
illustrates reclamation of switch- 
stand bases, also an economical 
Note that the part 
is held in a shop-made _posi- 


operation. 


tioner that facilitates down- 
hand welding. For this, we use 
'/in. bronze. Figure 5 shows 


these switch stand bases 


Figure 4 


before welding, as-welded as-finished 

The manufacture of warehouse trucks provides the 
welding shop with a complete operation 

Figure 6 shows the oxyacetylene heating of “T” 
shaped warehouse truck member. This is one of four 


bends made on each truck. Metal is °/i in. thick, 3 in 


Figure 6 
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Figure 7 


each way in the “T.” Heating time with No. 80 tip 


is 15 see. 
Figure 7 shows roll bending by hand while corner is 


red hot. Jig is made for this job 


Figure 5 


Figure 8 
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Figure 8 shows the are welding of base members of a 
warehouse-truck frame on special-holding jig, using 
E6012 in. electrodes. 

In the truck building program, Fig. 9 it was found 
economical to weld up small subassemblies. Here is 
the front swivel wheel in assembly jig prior to welding. 
Back-wheel assembly is made on the same jig. 

Welding 1-in. pipe for end gates for warehouse 
truck is shown in Fig. 10. Jig will be seen underneath 
pipe the operators are welding. No. 40 tip is used with 
%/-in. mild steel rod. Welds are smooth and require 
no after finishing. 

Warehouse truck—all-welded—prior to spray paint- 
ing and application of wood deck floor Fig. 11. 

There are three principal factors behind our con- 
struction of these trucks. First, some of the material 
was scrap. Second, we had sufficient qualified welders 
to do the work. Third, we had the facilities and space. 


Figure 10 
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Building up worn surfaces of truck bolsters is per- 
missible, provided the material remaining in the part is 
equal to 60% of the original section. Because there are 


no restrictions on welding cracks, or fractures (even if 


Figure 12 


Vigure 13 
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Figure 14 


Figure 15 


broken entirely in two), an enormous saving of ap- 
proximately 94% is realized, Fig. 12 

The preparation, welding, finishing, annealing, nor- 
malizing and stress relieving is governed by the same 
procedure as applied to other car parts 


For the purpose of building up bolsters, */:- and 


'/,-in. electrodes are used; for welding cracks or frac- 
ture ,-in. E9010 electrode 


strength of 112,000 Ib 


This provides a tensile 


Cable Drum for Gantry Crane 


These drums, as shown in Fig. 13, are cast iron, 
weighing 1,550-Ib., 14 in. in diameter, 90 in. long with a 
grooved area extending 36 in 

It is obvious that such an article is too valuable to 
scrap and that replacement with a new article would 
cause serious delay 

The welding of such a casting required a mild preheat 
of about 700° F 
'/ and */s-in. cast-iron rod was used in this build- 


Two hundred and fifteen pounds of 


ing-up operation, using No. 80 tip 
The drum was then grooved. An approximate 
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Figure 16 


% saving is realized on each drum. 


Conventional Passenger Car Brake Beams 


Figure 14 shows the welding operator building up the 


brake head set in a turning jig. 
No. 60 tip. 
Figure 15 shows two heads, one prior to welding and 


For this purpose we use 


one welded after it is bored to dimension. 

Figure 16 shows the built-up ends of brake-beam 
compression members. The oxyacetylene process is 
used for this work, the rod being '/y- x 36-in. No. 1 
rolled steel. 

Figure 17 shows the outside circular cutting tool 
we devised for turning to proper dimension the built-up 
ends of brake beams. 

Previously, we mentioned that in a railroad scrap 
Actu- 
Diesel piston-pin bushings are 


pile there is to be found the equivalent of gold 
ally, we do find silver. 
The de- 
silvering of the bushing is done by placing the bushing 


lined inside and outside with silver Fig. 18 


Figure 17 


in a cast-iron ladle and playing the oxyacetylene flame 
from a No. 80 tip on the bushing. Silver on both inside 
and outside melts off the steel core and flows into the 
ladle. Next step is to pour silver into a sand mold that 
provides 16 round slugs of silver of 99.9°% purity. 
Silver on one bushing makes one slug 

Figure 19 shows a comparison of the size of the bush- 
ing and one of the slugs of silver sawed in half 

In conclusion, I would like to briefly describe our 
The plant has a floor space of 4000 
sq. ft. and is piped throughout for oxygen and acetylene. 


plant and force 
Oxygen is served by a cascade of cylinders. Acetylene 


is generated. The force totals 46 men, including 4 


oxyacetylene welders and 7 arc-welding operators 


Figure 18 


Figure 19 
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In conjunction with welding, the shop has black- 
smith shop, tin shop and machine shop. Parts to be 
reclaimed are shipped into the shop from the entire 
system. Sorting of received materials and decision to 
reclaim is the responsibility of our employees. 
Naturally much reclamation is performed that does 
not require welding. A truly amazing array of metal 
parts and items go through one welding process or 


another. I would say that the number of parts re- 


claimed by welding is around 175. These vary in size, 
type of metal and general condition. 

The extent and type of reclamation performed varys 
widely on different railroads. Based on the work 
done in our shops that for years has resulted in impor- 
tant dollar savings, 1 would recommend strongly that 
other railroads, in the face of ever-rising costs, step up 
or introduce reclamation programs. 


What Is 
Welding Engineer 


eeded in the Professional Training of a 


6 The greatest need is to teach the young engineer how to 
think and keep on acquiring knowledge after graduation, 
and to develop in him the ability to use that knowledge 


by John M. Parks 


N ENGINEER is one who applies knowledge and 
scientific methods so as to improve manufacturing 
H@ procedures; a welding engineer is one concerned 

primarily with the application of welding to these 
procedures. ‘There are other definitions but this will 
suffice. That one must be trained for this profession 
is obvious; the question resolves itself rather into what 
training is necessary or adequate, and this in turn de- 
pends upon exactly what a welding engineer is going to 
be expected to do. 


Manufacturing operations have constantly placed 


' greater demands upon welding as a fabricating tool. 


There were relatively few demands a generation ago; 
in the next generation, what is demanded today will 
likewise appear small. ‘Today the demands of a given 
industry or organization for a welding engineer may be 
small or large; for example 
versatile and substitute for other engineers or he may be 


he may be expected to be 


expected to be a specialist in some one of the many ad- 
vanced applications of welding. 

he can not have too much 
knowledge nor too much ability, nor too much experi- 
Further- 
more, he must accurately know his limitations, know 


One thing is certain; 
ence to achieve successfully his objectives. 


how to work with people, know when to call for help, 
know when to speak up, and when and how to remain 
silent. Life and the pursuit of happiness is a complex 
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Training Welding Engineer 


affair when we make it so; the welding engineer like all 
others must first solve this problem. How he may best 
be trained to accomplish this is a difficult but vitally 
important question and one worthy of considerable 
discussion. 

One must be trained never to stop thinking and learn- 
ing; college commencement is the transfer of a man 
from learning in academic halls to learning in the world 
of industry. Analysis of the product of our educa- 
tional institutions indicates that many are lost in ex- 
tending their academic training into this new world; 
they have become confused, bewildered and preoccu- 
pied in petty occupations or occupations which appear 
petty. As a result they stop the functions of learning. 
Sometimes they deliberately relax as a relief from the 
high-pressure studies of the engineering school which 
often has become so interested in stuffing knowledge 
down the throat of the engineering ‘‘bird”’ that incentive 
for learning is virtually destroyed. After four years of 
constant pressure, the student has but one objective: 
get that degree and run and never look back. The 
necessity for time to think is gone; it has been driven 
from his mind; 
drive the mill with muscle rather than brain power. 
When, if ever, he stops running, he again is ready to 
start learning. He looks about for tools; what and 
where are they? 

The dark ages of socialism and slavery were ended 
when men freed their minds and began to think. The 
printing press gave them the tools for further thinking; 
namely, other men’s thoughts. Likewise, today the 
printing press brings to this man the tools for thought 
a vast literature of science and engineering, the work of 
many minds and many hands, the right and wrong 


the man is ready to turn a wheel and 


THe WELDING JOURNAL 


3 | 


It is here 
that our welding profession should help; its technical 


mixed together for him alone to decipher. 


articles with critical discussions by well-informed 


associates, its reviews of events in related engineering 


fields, its recommendations of books, and inspirational 


articles of what is known as well as what is not known. 
We should keep alive and expand the spirit of curiosity 
and inquisitiveness of man and things; we should turn 
not into the slumber of complacency, the death of scien- 
tific and technological advancement. 

Here then are my brief recommendations for fulfilling 
the needs of professional training for a welding engineer: 

To our educational institutions: 

1. Teach basie principles of science and engineering; 
separate the variables and teach the fundamental 
relationships between man and matter. 

2. Teach the student how to learn, how to think, 
how to teach and how to live in our complex industrial 
world, 

3. Do not load the student with details, no matter 
how important; rather teach him how to learn, how to 
use the library, how to find the details, how to put them 
together and how to reason. 

4. Impress upon the student the fact that pursuit 
of knowledge by thought and experiment is never done; 
therefore, give him time in his day to develop the proc- 
esses of thinking—develop in him the desire to learn 
rather than to achieve grades or graduation. 

5. Train your students to work together as a team 
of individuals—each retaining his individuality vet 
working cooperatively with his associates. Engineers 
are likely to handle material things well but fail to work 
with people 


lo our profession : 


1. Encourage our associates to read technical litera- 
ture and think about the fundamental aspects of the 
welding processes which they are using. Encourage 
the asking of stimulating questions of speakers and ex- 
perts; speak out and participate in our technical dis- 
cussions. 

2. Read critically and use the technical libraries 
a few spare moments in the stacks is always well spent; 
it broadens one’s perspective in related fields. Granted 
that three-quarters of the technical articles are not of 
much value—scean at least the few that are 

3. Question all concepts; there are no infallible 
experts in the welding field or elsewhere. Frequently, 
half truths are taken as whole truths. Classify your 
information into observations, postulates, theories and 


laws or rules; decide for vourself where each idea he- 


longs. Remember repetition of an observation or 
thought by many mouths does not make it true. 

1. Research and development are the activities 
which advance our understanding and knowledge; 
those that control the finances for these activities must 
spend them well and in such a way that further finances 
become more readily available. Costly errors can be 
made—not all research is well advised; therefore, assist 
in every way those that must make these important 
decisions of research policy. 

Since the field of research and development is the 
realm of my activity, I would like to close these brief 
comments with what I consider necessary in a research 
and development man upon whose shoulders the respon- 
sibility of furthering our profession rests. 

First, he must be well informed on the subject under 
study; that is to say, well informed as to the literature, 
the shop practice and the economics of manufacture as 
well as the labor and accounting practices that are 
sometimes unknown even to management. 

Second, he must be of high intelligence with a keen 
observational ability and a high and carefully con- 
trolled curiosity. 

Third, he must persistently pursue a problem in its 
many formsm order to separate the independent and 
dependent variables by putting them together experi- 
mentally in many different representative combina- 
tions. 

Fourth, he must take time to think and analyze, yet 
spend time next to the experiment itself. 

Fifth, he must understand and respect his associates; 
he must objectively live with his associates and their 
problems without emotion and hostile personality. 
He should criticize ideas and methods, but not people 
Likewise he should 
accept such criticism without malice 


who are sincere in their beliefs 


Sixth, he should be a philosopher, cherishing the 
ideals of a free society of independent individuals con- 
fined in law. 

With regard to his education, he should have a 
general engineering bachelors training, a masters train- 
ing in welding engineering, a doctorate in one of the basic 
sciences, preferably physics or metallurgy and several 
years’ experience in industry where he has had the 
opportunity to acquire an understanding of manage- 
ment and labor relations, accounting and materials 
handling, financing of new ventures and their evolution- 
ary growth and last and most important of all, an 
understanding of the relative importance of develop- 
ment and research as thev influence the economies of 


manufacturing. 
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by J. Raymond Wirt 


T DELCO-REMY we make electrical components 
for passenger cars, trucks, busses, tractors and air- 
planes. The products are generators, cranking 
motors, voltage regulators, horns, switches, sole- 

noids, ignition coils, distributors and storage batteries. 
Each of these assemblies consists of a number of parts 
welded, brazed, riveted, staked, soldered or bolted to- 
gether. 

The several products must be made of sufficient 
quality to render efficient service throughout their life, 
yet must be made efficiently and economically. In- 
creases in labor, material and sales costs along with 
higher taxes must be met and counteracted by the in- 
creased efficiency of our equipment and operators, by 
the use of new materials, or by new or different produc- 
tion methods. 


RESISTANCE-WELDING MACHINES FOR 


PRODUCTION WORK 


One production process which has proved particularly 
helpful in keeping production costs down, as well as 
keeping quality consistent, is resistance welding. 
Several forms of operation are performed in resistance- 
welding machines other than straight spot or projection 
welding such as hot upsetting, braze welding, silver 
brazing, soft soldering and combinations of one or more 
of these which may be performed simultaneously 

Our products are relatively stable in design with few 
yearly model changes. Most design changes are ma !e 
to improve quality performance or to secure greater 
production economy. Production is high and reason- 
ably constant so that our tendency in all production 
methods is to install special machines with more original 
capital outlay than would be required by a standard 
machine, in order to secure the best production econ- 
omy. It has been demonstrated that when the tooling 
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evelopment of Production Welding Techniques 


® Production requirements in the automobile accessory field re- 
quire special machines, automatic inspection and timing devices, 
personnel consideration and careful attention to specific applications 


Production Welding 


is justifiably elaborate, as dictated ‘by the production 
volume, better quality and consistency of product re- 
sults. 

Standard welding machines are often built into 
multiple operation machines as a production operation 
often with automatic control and no operator in con- 
stant attendance. Automatic inspection devices are 
sometimes incorporated in the machine which through 
mechanical or electrical methods indicate whether a 
weld has been made. 


AUTOMATIC CONTROLS 


One form of this automatic inspection device meas- 
ures the thickness of the finished part and automatically 
ejects parts which are too thick indicating that in- 
sufficient heat or pressure has been used to make the 
joint. Another form is the use of a current-indicating 
relay in the secondary loop of the welder which is 
normally closed to an ejection device unless sufficient 
minimum current flows to open the relay and allow the 
parts to pass. Automatic rejection of parts which do 
not conform to the standard tests indicates immediately 
when trouble is encountered so that the location and cor- 
rection of the trouble follows very closely its beginning 
to appear. The quality of the weld is determined by 
destructive testing at regular periods according to the 
production rates some being tested at 15 min. periods 
and others every half hour. 

In 1940 we had approximately 40 resistance-welding 
machines several of which have been replaced. At 
present we have some 150 resistance welders of all 
types. This increase has been accomplished with 
constant design changes but no major change in the 
type of products. 

We began originally with one 50-kva. machine avail- 
able for laboratory development. At the present time 
we have one 20-kva. single-bench welder, one 20-kva 
series, one 100-kva. press welder, and one 200-kva 
press welder which can be used to develop techniques, 
tooling and welder settings to be used in the production 
departments when the job is put on production. 
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OPERATIONS PRETESTED 


Most of the welding engineers have through ex- 
perience, training and custom developed preconceived 
ideas regarding the possibility or feasibility of accom- 
plishing various joining operations which may or may 
not be logical, yet which can be erroneous if actual 
trials are not made with an open mind and sufficient 
tests to get a true picture of the facts. Welds which 
are both efficient and economical can successfully be 
made even through previous tests and printed informa- 
tion may indicate otherwise. The Engineer who uses 
all of the technical information, experience and tech- 
niques available to accomplish an operation will find 
to his surprise that often a job which looked impossible 
at first examination can turn out to be one which can 
be made into a relatively trouble-free production job. 
The important thing is to use all the tools available to 
assist in accomplishing a job rather than to build up 
reasons why it cannot be done. 

The design and development work which may be 
done in the laboratory must be translated into produc- 
tion in order to realize any financial return. In order to 
successfully duplicate the laboratory results in addition 
to the design of the parts and welding fixtures it is 
necessary to know the limits on the welding procedure 
which will produce satisfactory production parts. 
Some of our jobs may require synchronous timing while 
the majority will require nonsynchronous timing. 
Some jobs will require low pressures with standard ma- 
chines while others requiring low pressures will require 
fast follow. 

Others may require higher pressures than the litera- 
ture would lead us to believe is required. ' 

It is always desirable to use a machine for the labora- 
tory development which is similar to if not exactly like 
the machine to be used in production. Even then it is 
necessary at times to use certain instruments to check 
welding force (force gage) timing (cycle counter), 
wave shape (oscilloscope), voltage both primary and 
secondary as well as the physical dimensions of the 
parts to insure satisfactory production. 

Most of the welding machines produced at present 
are built with good electrical and mechanical features 
which should give long and relatively trouble-free life 


PRODUCTION AIDS 


Machines which may be perfect in mechanical and 
electrical characteristics are not complete unless con- 
siderable thought and planning have been used in 
securing ease of maintenance and the maximum in 
operator comfort. While these items may add slightly 
to the original cost of the machine the investment cer- 
tainly pays dividends in increased production and de- 
creased maintenance costs throughout the life of the 
machine. Considerable thought and design work has 
produced a dial-type welder such as shown in Fig. 1 
Most of these machines are series type with 10 welding 
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Fig. 1 Shows a typical dial machine 


stations but only 5 indexes per revolution. Two parts 
of the same kind can be loaded by an operator sirnul- 
taneously. With adjustable index speeds and dial 
tables of large enough diameter to allow one, two or 
three operators sufficient room to work efficiently, 
production output can be changed to satisfy varying 
requirements. The dial table and mechanism is so 
arranged that the operators can face the table with 
sufficient knee room to sit comfortably and secure 
identical movements with both hands. This balanced 
movement secures maximum output with minimum 
operator fatigue. When series machines are used the 
duty cycle on the transformer is reduced to one-half 
that of a standard machine, the rubbing or contactor 
block between the knee and the dial table is eliminated 
and since the secondary loop is very small, the power 
factor is relatively high thus reducing the primary cur- 
rent. 

In addition to the 10 station 5 index per revolution 
dial welding machines we have 10 station 10 index ma- 
chines where more than one welding operation is per- 
formed simultaneously and we have some machines 
with two or three transformers and welding heads which 
perform welding operations without removing the parts 
from the fixture. 

Welding machines of the type shown are dependable 
We have one machine in a production line with no 
storage available on either side of the operation which 
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Fig. 2 Shows the joining of field coils in an air-operated 
press welder with automatic feeding of the silver-alloy 
ribbon 


produces 7600 welds per hour, has 3 operators working 
and in 3 years we have lost the line flow twice, once for 
1'/, hr. the other time for a half day. This machine 
runs 8 hr. or more per day 5 to 6 days per week. There 
are more than 130 operators doing operations subse- 
quent to the welding operation who are dependent on 
this machine for their supply of parts. It can readily 
be seen that under these conditions it is necessary that 
this machine produce good parts all of the working day 
every day. 


TIMING DEVICES 

When we began our program in 1940 a high percent- 
age of our welding machines had mechanical or mag- 
netic contractors with either visual or cam-type timers 
which were driven from the machine mechanism. A 
study of maintenance cost on our plain magnetic con- 
 tactors revealed that we were paying for tube-type con- 
tactors each vear without having them. As a conse- 
quence a program of replacement with tube contactors 
was begun. 


Fig. 3) Shows the welding of resistors to the regulator base 


The right-hand electrode is used on each of the two series welds. 
Since the current path on one weld is twice as long as t other, a 
ase-shift heat control with automatic transfer relay gives 50% heat 
one weld and 100% for the other. The position of the fixture with 
relation to a limit switch determines the setting used 
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The Inspection Department had found through years 
of poor welds that welds which were blue and burned 
had at least been heated to the welding temperature. 
When we began to replace the erratic type of timing 
with electronic sequence controls and began to effi- 
ciently water cool the welding electrodes, the better 
the quality of weld generally, the less it looked like a 
weld. It took quite a while for our people to realize 
that appearance in a resistance weld is a very poor 
measure of the quality of the joint. 

As soon as a high percentage of the machines were 
equipped with proper timing and pressure equipment a 
system of set-up cards which gave all the data necessary 
to give consistent welds was begun. This job set-up 
card gave tap settings on the transformer, squeeze, 
weld hold and off time, pressure, electrode or fixture 
numbers and any other information which was neces- 
sary. Whenever unsatisfactory parts are being run 
the inspector checks the machine setting and the con- 
dition of the parts. 
welding engineers are called to locate and correct the 


If the settings are right, our process 
trouble. As the quality and consistency of our welding 
became better the old phobia against welding began to 
disappear until now we have only a few who have had 
very little contact with welding who are not enthusiastic 
about its uses and applications. New applications 
come not only from the product engineers but often 
from the production people themselves. Our personnel 
has risen from 1 in 1940 to 6 welding engineers now. 


PERSONNEL 


These welding engineers interest themselves in the 
various phases of welding although each is a specialist 
in one or more types of operation. Their training in the 
fundamentals of welder operation enables them to 


quickly determine what is causing trouble and secure 


the proper personnel to correct the trouble be it elec- 
trician, pipe fitter, tool maker or millwright if it be the 
machine, or tool correction or other remedies as needed 


Fig. 4 Shows the hot upsetting of spring posts and studs 
into the distributor-weight base 


These parts are case hardened all over. The operations shown are 
left, push plate down into position, then upset stud posts, next upset 
spring = then eject. The hopper feed for the spring post« is shown 
in the lower right hand corner 
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if the parts are not right or material analysis if the 
material is not right. By being specialists they are 
able to quickly determine what is to be done, and have 
it done, thus getting production going again as rapidly 
By their knowledge they are able to sug- 
gest preventive maintenance when it is needed and 


as possible. 


develop methods of changing troublesome parts. By a 
system of moving the most troublesome maintenance 
item into the “Public Enemy Number One” spot we 
are able to systematically eliminate troublesome equip- 
ment. 

In ordinary times trouble shooting requires only a 
small part of the engineers time. Development of new 
techniques and proving new applications, testing new 
materials and securing data on costs of production for 
We have found that 
using the engineer for trouble shooting has kept our 


new methods are his main duties 


downtime to a minimum with no special labor classifica- 
tions in our maintenance department to service our 
welders. 


APPLICATIONS 
Some typical applications of welding cover: 
Replacement of soldered joints. 
Replacement of bolted or riveted joints. 
Replacement of copper-brazed joints 
New designs primarily for welding 
Hot upsetting to replace cold riveting 


Replacement of Soldered Joints with Welds or 
Braze Welds 


In the automotive industry the plated parts are 
largely zinc for under the hood or under dash com- 
ponents. With the advent of bright zine plating the 
trouble we had been having with soft soldering was 
increased to such an extent that it was no longer eco- 


Shows the hot upsetting of bearings in the dis- 
tributor breaker plate 


Fig. 6 Shows a shuttle fixture used in hot upsetting the 
contact rivet into the distributor-contact support 


nomical to use soft solder on a large number of jobs. — It 
was found that welding of copper wires to the zine- 
plated steel was consistent and economical. The use 
of tungsten or molybdenum facing on the electrode gives 
sufficient heat to form brass which joins the wire firmly 
to the steel giving a joint which is stronger mechanically 
and better electrically than can be obtained by a simple 
soft-solder joint. The cost of the solder, flux and the 
longer time necessary to make a soldered joint serve to 
justify the purchase of resistance welding equipment. 
The time necessary to make a good soft soldered 
joint varies with the thickness of the parts, the clean- 
liness of the material, the type flux and solder used and 


the mood of the operator. Once a resistance welder is 
set up and operating satisfactorily the only variable in 
the production cycle is the time consumed by the 
A rhythm 


can be established by the operator which will insure the 


operator in loading and unloading parts 


maximum production with minimum operator fatigue. 


Replacement of Bolted or Riveted Joints 


Bolts or rivets each require holes in the parts to be 
joined. These holes must be pierced in the punch-press 
operation or drilled subsequently. The cost of piercing 
the holes is low provided they can be secured during 
some other operation but drilled holes are fairly ex- 
pensive. Bolts, nuts and lockwashers are expensive 
not. only from their first cost but assembly costs are 
Rivets are 


generally but the labor required to assemble them is at 


especially high. relatively inexpensive 
least as costly aS a resistance-welding operation In 
either case the basic cost of the part Is higher than could 
be secured by spot or projection welding. The saving 
on one part from which two bolts with nuts and lock- 
washers were removed paid for a dial welding machine 
with tools in about six months. It is almost impossible 
to make a waterproof joint using bolts or rivets without 
expensive gasketing and since the emphasis on all ord- 
nance seems to be toward waterproofing the fact that 
no holes are pierced in the welded parts tends to simplify 


this problem 
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Replacement of Copper-Brazed Joints 


Maintenance on brazing furnaces is rather high and 
parts which are made from stampings, especially if a 
drawing operation is included, warp and deform due to 
the relief of cold-working stresses when the parts are 
annealed at the brazing temperature. This warping 
requires a straightening or seating operation after 
brazing. At times it is more economical to increase the 
gage thickness of the material in the parts to resist 
warping than it is to restrike the parts after brazing. 
This increased material thickness is not necessary with 
parts which are welded since the annealing is not pres- 
ent in areas which are critical as to dimensions. A 
considerable saving in maintenance and power costs is 
affected by the change from brazing to welding and 
more tolerance is allowable on dimensions since press 
fits are no longer necessary. 


New Design Primarily for Welding 


When a new product or major revision of one of our 
present products is being considered, rivets, bolts, nut 
clearances and close tolerances can be minimized with 
the accent on function and ability to weld and handle 
the parts. One product which was recently redesigned 
had 25 to 35 parts eliminated by the use of welding. An 
outlay of several thousand dollars was repaid by the 
saving effected in less than 6 months. Four and a half 
years of designing, redesigning and testing elapsed be- 
tween the original sample and the changeover on pro- 
duction. This product is typical of others on which 
welding has been properly and successfully applied. 


Hot Upsetting to Replace Cold Riveting 


Ordinary riveting, staking or spinning is much more 
economical when the rivets or studs are soft, but when 
good electrical contact must be secured or when the 
exposed end of a stud must be hard, it is often more 
economical to hot upset. Whenever a part is cold 
riveted, spun or upset, it is necessary to stress at least a 
portion of the material beyond its elastic limit. The 
portion which is so stressed will vary with the design of 
the parts, the design of the tools and the composition 
and condition of the material. The portion of- the 
riveted material which is not stressed beyond its elastic 
limit provides a certain amount of resilience or spring 
back which causes the tightness of the joint to vary. 

When parts are hot upset the pressures used are con- 
siderably lower than those for cold upsetting or riveting; 
the heat allows the metal to be upset in the plastic 
range and when the upset metal is cooled from the 
electrode and is perfectly solid the shrinkage obtained 
by further cooling will tend to increase the tightness of 
the joint. It is as economical of labor to hot upset 
hardened parts as those which are soft. Several of our 
applications have been justified by saving in differential 
hardening costs. 
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Case-hardened parts which required a wear surface 
yet required a soft end for riveting or staking were 
copper plated on the portion of the part which was to 
remain soft then carburized and hardened. Under 
ordinary conditions the copper plating will protect the 
covered surface from carburization but at times the 
parts were hardened all over. When this condition 
occurred, it was impossible to secure good cold up- 
setting, since the parts were brittle and would either 
split or not head over properly. The elimination of 
the copper plating with its attendant hand loading of 
plating racks paid for the welding machine in a rela- 
tively short time while the quality of the finished parts 
is better and more consistent. 

One example of a development project is the work 
done on joining copper straps for cranking motor-field 
coils. These coils were originally soft soldered using a 
U-shaped bend in one piece to enclose the straight end 
of the other. 

We first tried a lap spot weld but the quality of the 
welds was not consistent. We then tried the introdue- 
tion of iron powder to generate heat at the junction. 
The iron powder did secure sufficient heat to insure 
welds but the application was slow, the amount was 
difficult to control and the heat application was critical. 
The next step was to try dip tinning the ends with soft 
solder but it was found that the thickness of the solder 
coating was very critical if welds were to be secured 
and the production tinning would be expensive. It was 
found that the welds made were copper to copper. 
The soft solder seemed to alloy with the copper or 
volatilize during the heating period. We then tried 
the introduction of brazing alloy between the parts 
using first a 50% silver alloy but its burn-off character- 
istics and welding quality were not acceptable. A 
15% silver-alloy ribbon 0.003-in thick was then tried 
and the results were acceptable. Molybdenum-faced 
electrodes were used; the ribbon was fed out auto- 
matically on the upstroke. The ribbon burns off at the 
edge of the joint and examination of the joint reveals 
that there is 0.0001 in. or less of alloy remaining between 
the copper straps. The heat time is approximately 8 
cycles and 2 operators now produce as many parts as 4 
operators would produce using 2 automatic soldering 
machines. In addition several thousand pounds of tin 
lead solder, flux and */, in. of copper strap per piece are 
saved. 

During the investigation for this job we found that 
while copper wil! weld to steel, it will weld much better 
if the steel is zine plated. This development opened 
the field to a number of applications which were then 
followed through. As each new application of welding 
to another product was made some modifications of the 
technique were made which opened up more applica- 
tions and as these applications were put into production 
more appeared to be feasible. In each case where a 
soft-soldered joint was replaced the production rate 
went up, the joint was better both electrically and me- 
chanically, the appearance was better and there was no 
cleaning problem afterward. 
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Electric Utility Welding in the Shop and Field 


® Most of the welding processes are utilized in maintenance and overhaul 
operations of a municipally-owned system of furnishing electric power 


by David P. O’ Connor 


HE Department of Water and Power of the City of 
Los Angeles operates a municipally-owned system 
for furnishing electrical energy within the city and 
is interconnected with private systems and munici- 
pal systems of adjoining municipalities. 

Power is obtained from a number of hydroelectric 
plants along the Owens River Aqueduct, which extends 
approximately 300 miles to the north of Los Angeles; 
the Hoover Power Plant on the Colorado River, 300 
miles east of Los Angeles, and three local steam-electric 
plants. The total generating capacity of these plants 
is approximately 1,114,000 kw. 

The General Plant Division of the Department, with 
its electrical and mechanical shops performs the major 
overhaul and maintenance work on the generating 
equipment of these power plants and distributing sta- 
tions. The Welding Shop has an important part in 
this work. 

The welding on the generating equipment is usually 
progressed along with the general overhaul in either 
the field or the shop, depending on the condition. 
The various welding processes used are oxyacetylene, 
electric, inert are and metal spray. 

Both impulse- and reaction-type water wheels are 
installed in the hydroelectric generating plants. On the 
impulse-type water wheels a careful inspection is made 
of the cast-steel buckets to determine the extent of the 
cavitated After marking 
areas, the damaged portions are chipped or ground to 


areas and cracks. these 
remove porosity, cavitation or cracks in preparation 
for welding. The welding is done in the following 
manner: Using a 19-9 stainless electrode type 308 or 
347, the cavitated areas are built up, and as each elec- 
trode is deposited, the welded area is immediately 
peened with a pneumatic hammer to relieve stresses 
and insure against cracks in the future. These buckets, 
though they are cast steel, ordinarily cannot be pre- 
heated as most of them are balanced with lead weights. 
When cracks have occuyred in the buckets, due to water 
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Fig. 1 Needle valves after stainless overlay and machining 


have been completed 


hammer and fatigue, these cracks are chipped and 
welded from the base of the crack to the outer edge of 
the bucket, peening each deposited rod as the weld 
progresses. An excess of metal is deposited, peened, 
then ground to the original contour of the buckets. 
This method has proved successful on cracks up to 6 
in. in length on buckets of 18 to 24 in. in diameter where 
the nozzle pressure exceeds 400 psi 

The repairs to the nozzles and the throat rings are 
made in the shops. Originally most of the nozzles and 
seats were of cast bronze, and, due to excessive cavita- 
tion, did not lend themselves readily to welding. The 
casting had to be preheated and the affected areas 
welded or brazed with an oxyacetylene torch to avoid 
porosity in the weld. This was an extremely diffi- 
cult job due to the shape of the needles and throat rings. 
These castings instead of being welded or brazed were 
usually turned on a lathe, polished and restored to 


service. In the past ten years, cast-steel nozzles and 
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throat rings with stainless-steel overlay have replaced 
most of the bronze type. These steel castings are 
turned to a size '/, in. smaller or larger than the 
finished size, as the case may be. A 19-9 stainless 
overlay is then deposited on the casting, after which 
they are turned to their original size and shape and 
polished (Fig. 1). These nozzles are welded on a turn- 
table so geared that the welder sits in one position and 
applies the electrodes as the nozzle rotates. The nozzle 
is set in a vertical position and the welding is done in a 
horizontal position. After machining nozzles with sur- 
face areas in excess of 4 sq. ft., not a pinhole or flaw 
is to be found on the entire nozzle. This is the proof of 
exceedingly good welding done in a workmanlike 
manner. ‘The value of the stainless-steel overlay on the 
steel castings, in preference to bronze castings, can be 
seen by steel nozzles that have been in constant opera- 
tion for over seven years, and no appreciable wear or 
leaks have occurred on either the nozzle or throat-ring 
seat. Prior to this stainless-steel application, the 
bronze nozzles had to be removed and machined at 
least once a year on some units. 

With respect to the reaction-turbine installations, 
the resurfacing by stainless overlay of cavitated areas 
on the large 115,000-hp. turbine runners at Hoover 
Power Plant is by far the major problem, due, not only 
to the volume of the work to be done, but the time 
allowed to complete the work. The cavitated areas 
are checked over and outlined in chalk in preparation 
for removal of the faulty metal by chipping or grinding 
(Fig. 2). The outline of the chipped area is chipped 
a little deeper with a round nose chisel so as to assure 


Fig. 2 Close-up showing the outlined area and a portion 
of the chipped and welded surface prior to grinding 
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a good shoulder of stainless steel and prevent future 
undercutting. The area surrounding the fault is ground 
clean of rust to prevent porosity at the edge of the weld. 
It has been found that a surrounding bead of mild steel 
deposited as flat as possible with an E6012 electrode 
helps toward a better stainless-steel bond. The cast- 
ings are of a 30 to 35 point carbon, and difficulty has 
been encountered where the 19-9 met the castings at the 
end of the deposited overlay. If the chipped area is 
over */i5 of an inch in depth, it is built up with an 
£6012 electrode to within '/s in. of the finished surface, 
and the 19-9 overlay is then deposited after which the 
welded area is then ground to the original contour of the 
casting (Fig. 3). Ninety per cent of the welding is done 
in either horizontal, vertical or overhead positions and 
requires the welders to work in cramped and awkward 
positions. Approximately ten per cent of this type of 
work can be accomplished in the down-hand or flat 
position. Dilution of the deposited stainless is not a 
problem, as cavitation and not corrosion is the main 
offender. Runners have been welded with mild steel 
as well as stainless, and results have been carefully 
checked over a period of twelve years. At present, the 
Department and the United States Bureau of Reclama- 
tion engineers agree that the stainless overlay is worth 
the cost of application. The mild-steel overlay will 
outwear the original casting, but will cavitate, 
whereas the stainless overlay shows no apparent wear 
over a period of eight to twelve years of constant use. 


Spare runners are plotted in accordance with experience 


gained in the past for expected cavitated areas and are 


Fig. 3) The bright sections of the blades are the stainless 
overlay 
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Fig. 4 Spare runner for Hoover power plant, 115,000 hp. unit 


chipped and overlayed prior to installation. This work 
is done in the shop where the runner can be turned to 
These 
runners weigh 35 tons, are 13'/, ft. in diameter and have 
a vane height of 19 in. Four to six welders work on the 
runner at one time. 

The wicket gates that operate in conjunction with 


make welding positions more favorable (Fig. 4). 


Fig. 5 Welding the wicket gates in a vertical position on 
the turntable 
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these runners are welded in the shop. <A set of these 
gates consists of twenty-four castings weighing 1500 Ib. 
apiece. The lower end and 19 in. of the upper end of 
the gate shafts are turned down in a lathe '/s in. on a 
side; the heel and toe seats of the blades are machined 
down prior to welding. The shafts of the gates are 
welded in a vertical position on turntables (Fig. 5). 
By standing the gate stems in a vertical position, the 
weld metal is deposited faster and the distortion is held 
ataminimum. The turntables are driven by a variable 
speed-reduction gear box motor with belt drives that 
allows two gates to turn in the same direction for ease 
of welding. On an 8-in. diameter shaft over 5 ft. 
long, the shafts are seldom out more than ten to fifteen 
thousandths (Fig. 6). The realignment of the shafts 
is done after they are rough turned and still have fifteen 


Fig. 6 Finishing the stems on the wicket gates. (The 
heel and toe are yet to be machined.) 
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Magnaflux of crack spare-wicket gate stem 


to twenty-five thousandths excess metal on a side. 
This straightening is done by spot heating with an 
oxyacetylene torch, and corrections are made so the 
finished shafts are no more than three thousandths out. 
Cracks ‘have been found to exist in the gate stems and 
the defective area was shipped and ground to the base of 
the crack and then magnafluxed (Fig. 7). As each 
electrode is deposited, the weld is peened while hot. 
With cracks 4 in. long and over */, in. deep after the 
weld has been completed, distortion has been held to 
less than five thousandths. 

On small horizontal units where the turbine shafts 
have been worn by oil rings or packing glands requiring 
resizing of the shaft, the unit is set up between self- 
aligning bearings. An induction heating coil is wrapped 
around the shaft, and the shaft is rotated while being 
welded (Fig. 8). The weld is put on in a continuous 
bead in a downhand position. After welding, the shaft 
is cooled slowly, and during the cooling process is con- 
tinually rotated. Careful checks show that there has 
never been over 1'/, thousandths distortion in a 
shaft repaired in this manner. 

Repairs to penstocks, energy absorbers (Fig. 9), and 
draft tubes are also done during overhaul periods unless 
they happen to be emergency jobs. If an excessive 
amount of cavitation has occurred in a draft tube, re- 


Fig. 9 Energy absorber for Hoover Power Plant Unit. 
Bright surface is 18-8 stainless clad plug welded to casting 


placement of sections is sometimes the most economical 
type of repair. These sections are layed out, cut and 
formed in the shop. Due to the close quarters in which 


the draft tube sections have to be fitted and welded in 
place, it is necessary to make these sectional parts of 
several pieces for easier installation in the field. The 
areas where the worst cavitation has occurred have been 
repaired with a stainless-sheet liner welded over the 
area for added protection. 

The Department at present operates two steam 
plants: one at Seal Beach, Calif., consisting of two 
units, 75,000 kw. total capacity; the other at Los 
Angeles Harbor has five units, 363,000 kw. total capac- 
ity. The welding done in these plants on the turbines, 
condensers, pressure vessels and high-pressure piping is 
done by Certified welders of the General Plant Division. 


Fig. 8 Induction coil on left side of 800 kva. unit; right side has been welded and is ready for machining 
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Fig. 10 


These welders are certified under the A.S.M.E. Boiler 
Code Class U68 as the temperatures involved are over 
900° and the pressures at times exceed 1800 Ib. to the 
square inch. Unless piping changes are being made or 
leaks occur in the system, the larger jobs are done during 
the overhaul of the units. 

When the steam turbines are dismantled, the upper 
and lower halves of the high-pressure cases are carefully 
checked and magnafluxed. If cracks are found that are 
too large to be ground out, they are chipped and ground, 
then again magnafluxed in preparation for welding. 
These castings are of carbon or chrome molybdenum 
steel and of quite intricate pattern, and they weigh 
from 15 to 90 tons. The area surrounding the cracks 
is packed with asbestos blankets (Fig. 10), and several 
natural gas torches are used to preheat a section of the 
casting to 375° F. The rise in temperature is held to a 
maximum of 50°F per hour, and during welding the 
temperature is not allowed to vary by more than 25°F 
The temperature recordings are usually taken with 
Tempil sticks; however, potentiometers also have been 
used. The weld progresses with the welder welding 
the cross-section area of the weld. To explain—in a 
vertical weld, the entire cross-section area would be 
built up from the lower end of the weld to the top 
As each electrode is deposited, the weld is immediately 
peened while in a very hot state. After the weld is 
completed, the casting is cooled to approximately room 
temperature at a rate of 25° per hour. The completed 
weld is ground smooth and again magnafluxed. 

The cracks that have been welded in the aforemen 
tioned manner have not reappeared and show no signs 
of recurring after several years’ service 

soiler tubes have been seal welded to the drum on 
recommendation of the manufacturer. Each tube was 
fitted with a transite plug to prevent shot, weld splatter 
and flux from entering the tube. The tubes were shot 
blasted before welding and again after welding to remove 
all flux from the weld. Each tube was seal welded to 


the drum with a single bead weld. In this particular 
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Chipped and welded area on lower half of 65,000-kva. steam turbine 
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drum the tubes ended about | in. from the inner surface 
of the drum. The drum thickness was 4 in. 
After welding and shot blasting, the tubes were rerolled 


wall 


and the drum hydrostatically tested. 

In welding of main steam pipes, including carbon 
molybdenum the 
Department employs the use of induction heat for pre- 


and chrome molybdenum steels, 
heating and stress relieving all welds. 

In the past, it has been necessary to make welds on 
the main stop-gate valves of some of the boilers where 
distortion or warpage would mean the loss of the service 
of 65,000 kw. capacity. These have been repaired by 
wrapping the valve with induction coils, and when the 
temperature has risen the required amount, two welders 
work on the valve simultaneously, one on each side; 
this speeds up the operation and prevents distortion, 
so that the valves seat properly after welding. During 
cooling the valve is turned every half hour to offset 
sagging. 

The repairs required on the turbine spindles and 
blading are varied as to the make'and type of the unit. 
Stelite strips are silver-soldered on the leading edge of 


the blades whose peripheral speed is approximately 
Shrouds and blade ties are 


eleven miles per minute. 


Stainless-steel studs in cast-iron circulating 
pump and lower stainless-steel plate 


Fig. 
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Fig. 12 Completed discharge throat on circulating pump 
after welding and grinding 

welded to the blades; this is a very delicate job as no 
arcing marks, pits or under cuts are permitted. Tie 
wires, running through a group of some types of blades, 
are resilver-soldered. Eroded sections of the shaft 
seals have been built up and remachined. The suecess 
of aforementioned jobs depends on the ability of the 
welder to handle many different types of materials 
under different circumstances 

The cast-iron case of a horizontal circulating water 
pump, whose capacity is 3,500 gpm., was badly cut 
through a fin inside of the case. The area was chipped 
until enough width was obtained to install stainless- 
steel studs for supports (Fig. 11). Pieces of ten gage 
stainless steel were fitted above and below the studs to 


Fig. 13° Transformer tank changed from water cooled to 
self cooled shop-fabricated radiators 
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Fig. 14 Overhead line truck. Shop-fabricated body 


bring the fin out to the desired length. The lower plate 
was welded directly to the studs. Holes were drilled in 
the top plate that would permit the top plate to be 
welded to the same studs after both plates had been 
welded in position to the studs. The exposed ends of 
the plate were welded together. The entire stainless- 
steel inlay was then seal welded to the cast-iron case 
(Fig. 12), and has been in operation for three years and 
shows no sign of cracks where the stainless steel was 
bonded to the cast iron. 

During the period of time between these major over- 
haul jobs in the field, and the aforementioned wicket 
gates, needle valves and throat rings, work continues in 
the shop on the repairs to tools and equipment such as 
drag line, clam shell rigs, bull dozer and posthold augers 
and auger cutters, all of which receive the necessary 
building up and hard facing. The auger cutters are 
plow-steel stock, flame cut to shape and hard faced with 
30-40 acetylene tube borium. ‘The augers are protected 
on their leading edge with tube borium (30-40) and 
on the balance of the flight edge with a high chrome, 


Fig. 15 Shop-fabricated body and installation of trans- 
former oil filter unit 
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high-carbon electrode. These augers are used to drill 
holes up to 38 in. in diameter, ranging in depth from 9 
to 14'/e ft. 


from water cooled to self cooled, the welding shop 


On transformers requiring the changing 


fabricates and installs the necessary radiators to make 
the change (Fig. 13). Transformer tanks and lids are 
constantly being repaired for leaks and broken hanger 
lugs. Special truck bodies designed for Department 
use are welded in the shop (Figs. 14 and 15). Sheet- 
metal pull boxes, cabinets and switchboard frames are 
also welded. 

The ever-growing need for electric power in Los 
Angeles has caused the municipally-owned Department 
to expand continually, and always be on the alert to find 
new ways and means to bring cheaper power to the 
underground 
Welding 


designed 
transmission lines that operate at 132,000 v. 


consumer. Engineers have 


enters the picture here as these lines have to be filled 
with either gas or oil to keep out moisture. The brass 
sylphon tanks and reservoirs, used to transport the 
vacuum treated oil from the oil house to the manhole 
locations and to permit the oil in the oil-filled cables to 
expand when the cable is carrying a heavy load, are 
fabricated in the shops. The cast bronze heads and 
flanged rings on these reservoirs are brazed to cylindrical 
tubes. On the overhead transmission lines, voltages 
as high as 287.5 kv. are carried. These lines are now 
being worked while hot or live. Now lightweight 
tools of aluminum and its alloys have been designed 
and fabricated. These are welded by the inert-are 
process. As the city enlarges, the requirements of the 
Department grow, and the use of all types of welding 
continually plays an important part in the main- 


tenance work of this large publicly-owned electric utility. 


Welding in Engineering Education 


Discussion by F. hoenigsberger 


I have read with great interest the paper by R. 5 
Green on “Welding in Engineering Education” in the 
April 1950 issue of Tut WeLpING JouRNAL, and I should 
like to make the following contribution to the discus- 
sion on the subject 

The definition and the “status” of the welding engi- 
neer, the need for specialized welding engineers in in- 
dustry and the introduction of welding as an essential 
part of the general engineering courses at Universities 
and Colleges are matters which have been under dis- 
cussion for some considerable time. It seems, how- 
ever, that in many instances overenthusiasm has lead 
people to believe that welding engineering is an end in 
Weld- 


ing is just one of many methods of production, and as 


itself and not, as it really is, a means to an end 


such ought to be used where it is most suitable and 
efficient, i.e., when it helps toward producing technically 
and economically competitive articles 

It was, therefore, very satisfying to read that Mr 
Green agrees with the opinion which the writer of this 
contribution has put forward on several occasions, that 
a welding engineer ought to have sound general engi- 
neering knowledge before he embarks on the specialized 
field of welding and the various special subjects con- 
nected with it, such as the determination and critical 
evaluation of welding procedures, which welding proc- 
ess is best used in a particular case, the design of welded 
structures, the running and maintenance of welding 
plant, ete 
F. Koenigsberger, Lecturer in charge of Welding Engineering in the Me 


chanical Engineering Department, College of Technology, Manchester 
University 
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\lmost as often as we find people who are prejudiced 
against welding (considering it to be a patching-up 
process only useful for repair work) we meet people who 
slow up its development and use by failing to see its 
limitations. Only sound general engineering knowl- 
edge will enable welding engineers to discriminate each 
particular problem and to hold their own with other 
engineers. 

It is very interesting to note that in the U.S.A. the 
need for highly qualified welding enginéers of the above 
standard is large enough to justify the institution of a 
University Course with a final degree in “Welding 
Engineering.” 

Our experience in Britain is indicated by the follow- 
ing example: <A specialized course which leads to a 
“Higher National Certificate” in Welding Engineering 
was introduced in the Manchester College of Tech- 
nology in 1944, 
rush of students lasting about three, years, interest in 


The writer found that after an initial 


the Course declined, and this tendency appears to have 
heen experienced in many Technical Colleges in the 
This is probably due to the fact that the 
number of positions in industry for highly specialized 


country 


welding engineers is limited and the immediate demand 


was satisfied. Furthermore, the remuneration at- 
tached to such positions is apparently less attractive 
than that for general mechanical engineers 

In the general engineering courses at Universities 
and Technical Colleges, it is therefore all the more 
necessary to give welding its rightful place as a produc- 
tion method which has not only proved its usefulness, 
but has established itself in many industries as a means 
of production of value at least equal to that of other 
methods of manufacture. Not only should it be in- 
cluded in courses of general workshop technology where 
its features and its special problems have to be taught 


and discussed, but also in the design courses for struc- 


(Continued on page 764) 


Welding in Engineering Education 751 


Crack Sensitivity of | 


by A. W. Steinberger, B. J. 
DeSimone and J. Stoop 


SUMMARY 


HIS paper describes an investigation 

of the relative cold-crack sensitivity 

of several kinds of weld-filler metal 
such as are used in aircraft construction. 
The principal materials that were studied 
were modified 8.A.E. 4320, 4330 and 6130. 
Tests were also conducted with S.A.E. 
4130, N.E. 8630 and types 310, 347 and 
410 stainless-steel filler materials. 

Type 410 stainless was found to have 
the highest crack sensitivity of all types 
tested. 

Modified 8.A.E. 4330 had the second 
highest crack sensitivity. 

Modified S.A.E. 4320 had an appre- 
ciably lower crack sensitivity than type 
4330. 

The S.A.E. 6130 had the lowest crack 
sensitivity of the principal materials 
studied with 8.A.B. 4130 and N.E. 8630 
being on approximately the same level. 

With but two exceptions, all of the speci- 
mens welded with the atomic hydrogen 
process, and air cooled in the standardized 
manner developed cracks of varying mag- 
nitude, regardless of which of the filler 
rods was used, The two exceptions to this 
were the types 310 and 347 stainless filler 
rods, 

No cold cracks oceurred with any of the 
filler materials, regardless of the welding 
process employed when cooling Was ar- 
rested at a suitable temperature and the 
part held at that temperature for at least 
an hour, 

For the modified 8.A.F. 
6130, 4130 and 

00° F 
perature at 


4330, 4320, 
N.E. 8630 filler rods, 
was found to be the postheat tem- 
which cracking would no 
longer occur upon subsequent cooling. 
600° F. is recommended as a safe proc- 
essing temperature to allow for the in- 
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® An investigation of the relative cold-crack sensitivity of several 
kinds of weld-filler metal such as are used in aircreft construction 


evitable variation in materials and tem- 
peratures. This applies to parts up to 
'/, in. in thickness. 

The type 410 stainless material re- 
quired a postheat temperature of 600° F. 
to prevent cracking. This value was found 
to be critical as cracking occurred at both 
higher and lower temperatures. 

For those weldments containing dis- 
solved hydrogen, a minimum time of 20 
min. at the specified temperature was 
found necessary to prevent cold cracks in 
modified 8.A.E. 4330, 4320 and 6130 filler 
materials. For parts of up to '/, in. in 
thickness, 1 hr. proved to be a satisfac- 
tory period to allow for uncontrolled vari- 
ables. In instances, sufficient 
hydrogen remained after this treatment to 
cause cold cracks if the part was water 
quenched from the postheat temperature. 
A longer postheat time may permit water 
cooling if it is necessary. 

When low-hydrogen welding processes 
were employed, no cold cracks occurred 
with even the most crack sensitive of these 
filler metals (type 410° stairiless and 
modified S.A.E. 4330). This applied to 
cooling rates as great as those obtained by 
quenching the specimen in iced brine im- 
mediately after welding. 

The foregoing substantiates the observa- 
tions of other investigators %3.45 that 
in the absence of dissolved hydrogen or 


some 


severe stress concentrations, cold cracking 
will not occur even under drastic quench- 
ing conditions. 

Hardness was not found to be a con- 
trolling factor in determining crack sensi- 
tivity. 

Argon are welded and quenched speci- 
mens having a hardness ranging from 47 to 
52 Rockwell “C” did not crack. 

Atomic hydrogen welded and air-cooled 
specimens having a hardness ranging from 
25 to 39.5 Rockwell “C” 
of cracks. 

The optimum postheat 
and time appeared to be approximately the 


contained scores 
temperature 


same with all of the steels tested with the 
exception of type 410 stainless. The de- 
gree of cracking which occurred below the 
optimum values varied with the different 
materials 

Cracking occurs if the weldment is al- 
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lowed to cool below the critical cracking 
temperature for even a few minutes prior 
to postheating. 

Cracking was observed to progress for 
some time after the weldment has cooled 
where postheating was not used. 

When stored at 40° F., cracking was es- 
sentially complete at the end of 24 hr. 
When stored at room temperature, crack- 
ing continued for a considerable period of 
time, All specimens that were stress re- 
lieved after cooling to room temperature 
developed cracks unless they were welded 
with low-hydrogen processes. The number 
and size of these cracks increased as the 
interval between cooling to room tempera- 
ture and placement in the stress-relief fur- 
nace was lengthened. 

Specimens containing cracks were ex- 
amined prior to stress relief, and usually 
were more extensively cracked following 
stress relief, 

Cold-crack sensitivity of hardenable 
steels appears to be directly influenced by 
the effective carbon content of the ma- 
terial. 

The effective carbon content and the 
subsequent crack sensitivity may be re- 
duced by any factors (such as alloying 
constituents and thermal cycles) which 
will tie up part of the carbon in the form of 
carbides. The presence of carbides which 
are slow to dissolve during the very rapid 
thermal cycles involved in welding will 
reduce the crack without 
necessarily reducing the ultimate physical 
properties of the steel after heat treat- 
ment. 


sensitivity 


INTRODUCTION 


Welded parts of hardenable low-alloy 
steels are frequently employed in aircraft 
construction for both primary structures 
These 


components are subjected to high multi- 


and nonstructural applications 


axial loading and severe vibratory stresses 
In consideration of the stringent service 
conditions to which such weldments are 
subjected, it is essential that they be free 
of defects to a far higher degree than is 
necessary for most welded fabrications. 
Cold cracks in the weld bead or adjacent 
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parent metal are one of the major forms of 
weld defect encountered with the types of 
steel involved in aircraft construction. It 
is evident, therefore, that a better under- 
standing of the factors influencing cold- 
crack sensitivity is of the utmost impor- 
tance, 

Numerous investigators,?~*’ have pre- 
sented data showing that cold cracking is 
primarily due to the high aerostatic pres- 
sures produced when dissolved hydrogen is 
rejected during cooling and transforma- 
tion of the steel. 

The effects of thermal] treatment, filler 
rod and base-metal 
other factors have also been described."? 

In many cases, these investigators were 
concerned with underbead cracks rather 


composition and 


than cracks in the weld deposit. This was 
in a large measure due to the common use 
of electrodes depositing metal of low 
hardenability. 
in both cases, however, appear to be the 
same, 

The hydrogen theory has been so well 
covered by others,"** that it will not be 
outlined in detail in this It is 
sufficient to state that weldments made 
with materials of the types investigated 
may be made insensitive to cold cracking 
by: 


The basic causes of cracks 


paper. 


1. Employing welding processes which 
will not introduce appreciable amounts of 
hydrogen inte the weld-deposit or heat- 
affected zone. 

2. Employing thermal cycles which 
will permit complete transformation of 
the austenite at some elevated tempera- 
ture. 

3. Employing filler rods and parent 
metal of such composition that transfor- 
mation will be promoted at a temperature 
sufficiently elevated that the 
hydrogen can escape without building up 
high aerostatic pressures. 


dissolved 


The work described in the following 
was undertaken for the purpose of estab- 
lishing the relative influence of the various 
factors involved in the formation of cold 
cracks and to establish optimum values 
for the specific types of steel and filler rod 
employed in the fabrication of aircraft 
propellers. The information presented in 
this paper applies primarily to the ma- 
terials described, 


The hollow steel propeller blades under 
consideration are, or were, made of modi- 
fied type 4320 or 4330 steel plates having 
the nominal compositions shown in Table 
1, 

The progress of the investigation was 


primarily directed toward the determina- 
tion of the proper thermal cycles, filler-rod 
analyses and weld- 
ing processes for 
obtaining the great- 


In conducting 
variables were investigated: 


t 


his project, several 


1. Crack sensitivity vs. arrested cool- 
ing and postheat temperature. 


Crack sensitivity vs. filler rod com- 


position, 


Crack sensitivity vs. postheat time. 


est freedom from 


cold cracks when 
welding these ma- 
terials 

The three princi- 


pal filler materials 


investigated were 
modified types 
4330, 4320 and 6130 
having the speci- 
fied chemical com- 


positions shown in 


= 


Table 2 


REFERENCE POINT 


A less complete 
study was also con- 
ducted upon filler 


rods made of 8. A.E. 
4130 and N.E, 8630 
low-alloy steels and = 


types 310, 347 and 


4 


410 stainless steels, Fig. 1 


Amal 


Weld crack-sensitivity specimen 


Werte 


Fig. 2 Standardized cooling fixture for crack-sensitivity specimens 


Table 1.—Specified Analysis 


of Plate Steel for Hollow-Steel Aircraft Propeller Blades. 


ll 


Mo 
0.27) .37 
0.35-0.47 


Mn Si S P Ni Cr 
0.60-0.80 0.20-0.35 0.015 Max. 0 025 Max. 1.65-2.00 0.60-0.80 
0.60-0.80 0.25-0.40 0.015 Max. 0.020 Max. 1.85-2.20 0.80-1.00 


Type ¢ 
4330 Modified 0.274).33 
4320 Modified 0.17-).22 


Table 2—Specified 


T ype ( Mn Si 8S P Vi Cr Vo 
4330 Modified 0 600.80 0.20-0.35 0.015 Max. 0.020 Max. 1 652.00 060-080 0.27-0.37 
4320 Modified 0550.75 0.25-0.40 0.015 Max. 0.020 Max. 1.85-2.20 0.80-1.00 0.35-0.45 
6130 Modified 0.70-0 § 0 25-0.45 0.015 Max. 0.018 Max. 0.85-1.05 


Analysis of Filler- Rod Material for Hollow-Steel Aircraft Propeller Welds 


0 20-0 .25 
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Crack sensitivity vs. dissolved hy- 
drogen as influenced by the weld- 
ing process. 

Crack sensitivity vs. hardness of the 
weld deposit. 

Crack sensitivity vs. rate of cooling 
to the postheat temperature. 

Crack sensitivity vs. time at room 
temperature prior to stress re- 
lief with no arrested cooling and 
postheating. 

8. Crack growth due to stress relief. 


PROCEDURE USED IN CONDUCT- 
ING THE TESTS 


During the initial phases of this in- 


Fig. 3) Atomic hydrogen-welded speci- 
mens after arrested cooling and post- 
heating for lL hr. at 160 


(Tep) Ty $320 filler material; 
6130 filler material; 
filler material 


(center) 
(lower) type 6330 
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vestigation, actual hollow steel propeller 
blades or sections thereof were employed 
as specimens. The amount of sestter in 
the test results due to uncontrolled vari- 
ables, and the difficulty of obtaining de- 
tailed information from production parts, 
made it impossible to make conclusive 
determinations. It was evident that a 
standardized form of specimen and testing 
procedure was needed in order to obtain 
reproducible results, 

A review of the literature led to the 
adaptation of the circular-groove weld- 
bead specimen used by the Arcos Corp., 
Battelle Memorial Institute and others 
This form of specimen is illustrated 
Fig. 1. It has given very satisfactory and 


Fig. 4 ttomic hydrogen welded speci- 


mens after arrested cooling and post- 
heating for 1 hr. at 200° F. 


(Top) Type 4320 filler material; (center) 
ty 6130 filler material; (lower) type $330 
filler material 
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Fig. 3 
mens after arrested cooling and post- 


type 


reproducible results when employed in 
conjunction with a standardized welding 
and testing procedure. 

The following the general 
procedure employed in conducting this 
investigation. Deviations were required 
in certain the study of 
specific factors. 


describes 


instances for 


Specimens were welded without the use 
of preheat 

All weld deposits were made upon type 
4320 plate material. 

The atomic hydrogen welding process 
was employed where not otherwise indi- 
cated, 


After welding was completed, the 


{tomic hydrogen-welded speci- 


heating for | hr. at 250° F. 


4320 filler material; (center) 
ler material; (lower) type 4330 
filler 


Ty 


Tue WELDING JoURNAL 


ine ‘ 


specimens were immediately placed in a 
cooling jig, except when other than stand- 
ard cooling rates were being studied. This 
cooling apparatus is illustrated in Fig. 2 
and consisted of a locating nest positioned 
under an air nozzle having a fixed size and 
distance above the specimen. The nozzle 
contained a diffuser cone for the purpose of 
obtaining a uniform distribution of sir 
over the specimen. 

The air pressure and flow rate were 
standardized at 25 psi. and 600 cfh., re- 
spectively. These values were selected to 
approximate the cooling rate as measured 
on welds in a representative section of an 
actual propeller blade. Care was taken to 
insure that there was no excessive moisture 
in the cooling air. 


Specimens which were not te be post- 
heated were air-blast cooled to 200° F, 
and then water cooled to room tempera- 
ture except where otherwise indicated. 
Water cooling from 200° F. saved a con- 
siderable amount of time and was not 
found to affect the final results, 

Specimens to be postheated were cooled 
with the standardized air blast to the de- 
sired postheat temperature and then im- 
mediately placed in an induction-heated 
oven which permitted accurate automatic 
temperature control and rapid thermal 
recovery. With the exception of some of 
the earlier tests, and where otherwise 
specified, the standardized air blast was 
also employed for cooling the specimens to 
200° F. after postheating. The specimens 


Aiis b 


Fig. 6 Atomic hydrogen-welded speci- 
mens after arrested cooling and post- 
heating for 1 hr. at 300° F 

(Top) Type 4320 filler material; (center) 


type 6130 filler material; (lower) type 4330 
filler material 
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Fig. 7 Atomic hydrogen-welded speci- 
mens after arrested cooling and post- 
heating for I hr. at 350° F. 


4320 filler material; (center) 
lower) type 4330 


(Top) Ty 
type 6130 filler material; 
filler material 
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were then water cooled to room tempera- 
ture. No difference was observed between 
specimens so cooled and those cooled to 


room temperature entirely with air 


Upon reaching room temperature, the 


specimens were placed in a refrigerator at 
40° F. for 24 hr., to permit completion of 
cracking After removal from the re- 
frigerator, the specimens were stress re- 
lieved for 1 hr. at 1060° F. They were 
then surface ground under coolant to a 
depth of 0.100 in. below the original sur- 
face of the piece. 

The indications were observed by 
means of magnetic particle inspection and 
photographed. It was found that by sus- 


{tomic hydrogen-welded speci- 
mens after arrested cooling and post- 
heating for | hr. at 160° F. (top), 
250° F. (center), and 300° F. (bottom). 

S.A.E. -4130 filler rod 
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pending the magnaflux paste in carbon 
tetrachloride, a clear dry impression re- 
sulted which permitted an excellent photo- 
graphic record to be made, Specimens 
welded with certain types of stainless- 
steel rods were examined by both mag- 
netic particle inspection and by acid etch- 
ing. 


TEST RESULTS 


Crack Sensitivity vs. Postheat Tem- 
perature 


The effect of postheat temperature was 
investigated for modified types S.A.E. 
4330, 4320, 6130, 4130 and N.E.-8630 
filler rods when using the atomic-hydrogen 
welding process. The results of this study, 


Atomic hydrogen-welded speci- 
mens after arrested cooling and post- 


Fig. 9 


heating for 1 hr. at 160° F. (top), 
250° F. (center) and 350° F. (bottom). 
Type N.E.-8630 filler rod 


for the first three materials mentioned, 
are illustrated in Figs. 3-7, showing the 
degree of cracking after arresting the 
cooling and postheating for 1 hr. at 160, 
200, 300 and 350° F., respectively. All 
specimens cracked when not postheated. 
Cracking decreased in severity with in- 
creased postheat temperature. At 400° F., 
no cracks could be detected and the speci- 
mens so processed were therefore not 
photographed. Note that after the 350° F. 
posthcat treatment, there were still some 
eracks on all specimens although close 
examination was necessary to detect them. 
Had a larger number of specimens been 
prepared, it is possible that some would 
have shown cracks even at 400° F. 

Figure 8 shows a group of specimens 
similar to those previously described but 
made with 8.A.E.-4130 filler rod and post- 
heated at 160, 250 and 300° F. Again the 
crack sensitivity decreased with increasing 
postheat temperature until at 300° F., 
magnification was required to detect the 
indications. 

Figure 9 illustrates the results obtained 
when N.E.-8630 filler material was em- 
ployed. In this case, the cracks were just 
barely detectable with magnification after 
postheating at 350° PF. 

In consideration of the above, and the 
difficulty in maintaining precise tempera- 
ture control on a production basis with 
large and irregular parts, it is recom- 


Fig. 10 Atomic hydrogen welded with 
type 4330 filler rod 


(Top) No postheat; (lower) cooling arres' 
and conducted for hr. at 


Steinberger, et al.— Aircraft Steels 


mended that a postheat temperature of 
600° F. be employed. We have found that 
1 hr. at 600° F. is entirely effective in 
preventing cold cracks in these materials. 

This study also indicated that while the 
magnitude of cracking differed with each 
of these steels, all had approximately the 
same critical postheat temperature above 
which no cracks would occur. 

The illustrations clearly show that of 
the primary group, the type 4330 filler 
rod had the greatest crack sensitivity and 
the type 6130, the lowest. 

The relative crack sensitivities of the 
types 4330 and 4320 are in accord with 
what might be expected in view of their 
earbon contents and are in keeping with 
the hydrogen theory. The type 6130, 
however, has the same carbon content as 
the type 4330. The lower crack sensitiv- 
ity of the type 6130 may be taken to sub- 
stantiate the work of Franklin,' wherein 
the influence of vanadium in reducing 
crack sensitivity was reported. The 
vanadium is believed to promote the for- 
mation of stable carbides which do not 
readily go into solution during the rapid 
thermal cycles involved during welding 
It thus ties up a portion of the carbon con- 
tent of the steel making it respond in a 
manner similar to that of a material of 
lower carbon content. The particles of 
undissolved carbides are also believed to 


Fig.11 Atomic hydrogen-welded with 
type 4320 filler rod 
‘op) No postheat; (lower) cooling arrested 
= onthening conducted for 1 hr. at 600° F. 
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form nuclei which act to speed up trans- 
formation at high temperatures 

The effectiveness of proper arrested 
cooling and postheating in preventing 
cold cracks in specimens welded with the 
atomic-hydrogen process can be clearly 
illustrated. Figures 10-12 show specimens 
welded with modified S8.A.E.-4430, 4320, 
and 6130 filler rods, respectively. Figures 
13 and 14 show specimens in which S8.A.E.- 
4130 and N.E.-8630 filler rods were used. 
In each case, the nonpostheated specimens 
in the top row show numerous cracks 
while the postheated specimens shown in 
the lower rows are free of cracks 


Effect of Postheat Time Upon Crack 
Sensitivity 


The effect upon crack sensitivity of the 
time for which the specimens were held 
at the 600° F. postheat temperature, was 
investigated for type 4330 filler rod. 

Figure 15 illustrates the results obtained 
with atomic hydrogen-welded specimens 
postheated for 5, 10, 15 and 20 min., re- 
spectively. Specimens were also post- 
heated for 30 and 50 min., but are not 
shown, 

It will be observed that postheating for 
20 min. was sufficient to prevent cracking 
with the specific materials and conditions 
involved, Again it is desirable to allow an 


ample margin for variables. Experience 


A96 


ttomic hydrogen-welded with 
6130 filler rod 


Fig. 12 


(Top) No postheat; (lower) cooling arrested 
and postheating conducted for | br. at 600° F 
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{tomic hydrogen welded with 


Fig. 13 
S.A.E.-4130 filler rod 


(Top) No postheat; (lower) cooling arrested 
and postheating conducted for 1 hr. at 600° F. 


B 


Fig. 14 Atomic hydrogen welded with 
V.E.-8630 filler rod 


(Top) No postheat; (lower) cooling arrested 
and postheating c« ucted for 1 hr. at 600° F. 
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Fig.15 Atomic hydrogen welded with 

modified S, A.E.-4330 filler rod showing 

reduced cracking with increased post- 
heating time 


Cooling arrested and postheating conducted 
at 600° F. 
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has shown that 1 hr. is a satisfactory period 
of time. Where heavy parts are to be 
welded, a longer period may be required. 
It seems logical to believe that it will re- 
quire more time for the hydrogen to escape 
from the center of a thick section than 
from a thin section. The material em- 
yloyed for this test was '/, in. thick. 


Crack Sensitivity vs. Time at Room 
Temperature Prior to Stress Relief 
with No Arrested Cooling and Post- 
heating 


It will be noted that reference has been 
repeatedly made to “arrested cooling and 
postheating.” 

The hydrogen theory and experimental 
evidence indicate that once the tempera- 
ture of a weldment containing hydrogen 
is allowed to drop prematurely, even for a 
few minutes, cracking will occur and no 
amount of subsequent postheating will 
rectify the damage. 

» Cracking occurs as the temperature of 
) the specimen drops appreciably below the 
established arrested cooling post- 
heating temperature and will continue to 
progress for some time after it reaches 
room temperature, This is indicated in 
Fig. 16 which shows specimens held at 
room temperature for periods of a few 
minutes, | hr, and 24 hr. prior to stress re- 
lieving at 1060° F. Even the parts that 
were stress relieved very soon after reach- 
ing room temperature contained cracks 
and the magnitude of the cracking in- 
ereased rapidly during the 24-hr. test 
period. 


Figure 17 shows a similar group of 
| specimens which were refrigerated at 40° 
F. during the storage period. The in- 
crease in cracking was more rapid but had 
' practically ceased at the end of 24 hr. 

_ Figure 18 shows a 4'/2X enlargement of a 
portion of Specimen A-178. The specimen 
$was cooled to room temperature and then 
‘photographed. It was again photographed 
‘alter 3 hr. and after 8 days. It was then 
stress relieved and again photographed. 
\ comparison of the first two photographs 
shows a marked increase in the number of 
visible cracks (circled) and in the size of 
some of the cracks 
(arrows) 


previously visible 
After stress relieving, there 
was a further increase in size of some 
cracks, An increase in the number of 
visible cracks and in the size of previously 
visible cracks following stress relief has 
frequently been observed on both test 
specimens and production weldments not 
subjected to a proper arrested cooling and 
postheating cycle. 

Figure 19 shows Sample A-179 which 
was processed in a manner similar to that 
shown in Fig. 18, except that the storage 
temperature was 40° F, It was observed 
that the cracking bad essentially stabilized 
prior to photographing for the first time 
and that little additional cracking had oe- 
curred after 8 days. Apparently, however, 


there was a greater increase in the number 
of visible cracks and their size after stress 
relieving than in the case of specimens 
stored at room temperature for the same 
period of time. 

The increase in the number of cracks is 
assumed to be due to microcracks which 
opened up to visible size. This would in- 
dicate that an appreciable amount of 
hydrogen remained entrapped in the weld- 
ment under very high aerostatie pressure 
and that the temperature gradients during 
stress relief raised the stress level suffi- 
ciently to increase the size of the cracks 
It may be possible to alleviate this condi- 
tion by raising the part to the stress-relief 
temperature at a sufficiently low rate to 
minimize the temperature gradients. 


Fig. 16 Atomic 


hydrogen-welded 
specimens made with modified S. A.E.- 
4330 filler rod 


4-154—Stress relieved soon after reaching 
room temperature; A-157—stress relieved 


after Lhr. at room temperature; A-158—stress 
relieved after 24 br. at room temperature 
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The tests showed that for these ma- 
terials and conditions, it is important that 
the weldment be held within the estab- 
lished postheat temperature range from 
the time that welding is started until at 
least 1 hr. after the termination of the 
welding operation. It is also apparent 
that in the absence of such thermal con- 
trol, stress relieving can actually increase 
the magnitude of cracking. 


The Effect of Hydrogen Content, as 
Influenced by the Welding Process, 
Upon Crack Sensitivity 


A series of specimens were prepared to 
verify the assumption that the cold cracks 
under investigation are basically caused by 
the rejection of dissolved hydrogen during 


ftomic 


Fig. I7 
specimens made with modified S.A.E.- 
4330 filler rod 


hydrogen-welded 


A-247—Stres« relieved soon after reaching 

A-155——stress relieved after | hr. 
40° F.. A-156—stress relieved after 24 hr. at 
F. 
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transformation. Various welding  proc- 
esses were employed in order to introduce 
different amounts of hydrogen. None of 
these weldments was postheated 

The welding processes included: 

1. The atomic-hydrogen process which 


has been widely used in the fabrication of 


¢ 
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Fig. 18 4 enlargement of a por- 
tion of atomic hydrogen-welded speci- 
men A178 made with modified S.A.E.- 
4330 filler rod, not postheated 
(Top left) After 3 hr. at room temperature: 
(top right) after 8 days at room temperature: 
(lower left) stress relieved after 8 days at room 
temperature. Circles indicate cracks not 
usly visible and arrows indicate cracks 
which increased in size 


propeller blades. This method may be 
expected to introduce a large amount of 
hydrogen into the weld bead and the heat- 
iffected zone 

2. The metal-are process using a lime- 
coated electrode. This might be expected 
to produce weld deposits having a moder- 
ately low-dissolved hydrogen content. 

3. The submerged-are process which 
employes fluxes of such nature that little 
if any hydrogen should be introduced into 
the welding zone 


4. The argon-shielded tungsten are 


Fig. 19 4 enlargement of a por- 
tion of atomic hydrogen-welded speci- 
men A179 made with modified S.A.E.- 
4330 filler rod, not postheated 
(Top left) After 2 hr. at 0° F. and 2 hr. at 
mperature; (top right) after 8 days 
(lower left) stress re 

days at 40° F Circles indicate cracks not 
previously visible and arrows indicate cracks 

which increased in size 


which should also be essentially free of 
hydrogen 

The illustrations previously discussed 
showed the prolific cracking which oc- 
curred with the various types of filler rods 
when the atomic-hydrogen process was 
employed without postheat 

Figure 20 shows a series of specimens 
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made with the metal-are process without 
postheat 

Specimens M-117A and B were made 
with a special low-hydrogen electrode, 
developed for welding the modified 8, A.E.- 
4320 stee! 


type 4320 core wire with a lime-type 


This electrode consisted of a 


coating. The illustration shows essen- 
cracks 


though there is evidence of some porosity. 


tially complete freedom from 
As is to be expected there are defects on 
each specimen due to entrapped flux at 
the point that the terminus overlaps the 
start of the weld. A different welding 
technique was employed on some of the 
later work to overcome this condition 
Specimens M-118 A and C were made in 


Fig. 20) Metal arc welds using special 
low-hydrogen electrodes, no postheat 


M-117—Modified S.A.E.-4320 core wire; 
M-118—modified S.A.E.-4330 core wire; M-119 
—modified S.A.E.-4340 core wire. The visible 
indications are flux inclusions at the wel 
overlap 
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the same manner as the above except that 
modified type 4330 core wire was em- 
ployed in making the electrodes. 

Specimens M-119 A and B were also 
metal-arc welded except that the electrode 
consisted of the modified type 4330 core 
wire with sufficient carbon added to the 
lime-type coating to give a deposit equiv- 
alent to that of a type 4340 core wire. 

It will he noted that even with the types 
4330 and 4340 electrodes, cracking was not 
encountered at the cooling rates resulting 
from the air blast, 

Figure 21 shows specimens welded with 
the submerged-are process using types 
4320, 6130 and 4330 filler rods. No cold 
cracks were observed on any of these 
specimens nor on similar specimens using 
types 4130 or NE-8630 filler material. 


Fig. 21) Submerged arc-welded speci- 
mens, no postheat 
U-1382 made with modified S.4.E.-4320 filler 
wire; U-1383 made with modified 5.4.E.-6130 
filler wire; U-1384 made with modified S.A.E.- 
4330 filler wire 


760 


There were indications due to trapped 
flux, particularly at the overlap of the 
start and finish of some of the pieces. 

Surface cracks have sometimes been ob- 
served on the underside of the weld bead 
where the submerged-are process has been 
employed for joining parts involving com- 
plete penetration of the joint. This may 
be due to hydrogen caused by dissociation 
of atmospheric moisture condensed on the 
part or backing material on the unpro- 
tected underside of the weld. Hydrogen 
flakes have been observed upon occasion, 
in or adjacent to submerged-are welds. It 
is possible that these were caused by the 
contamination of the welding flux with 
moisture or other foreign matter which re- 
leased hydrogen during the weld thermal 
cycle. 


irgon arc-welded specimens, 
no postheat 


H-157 made with modified S.A.E.-4320 filler 
rod; H-158 made with modified S.A.E.-6130 
filler rod; H-159 made with modified S.A.E.- 
4330 filler rod 


Fig. 22 
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Figure 22 shows specimens welded with 
the argon-shielded tungsten-are 
which is essentially free of hydrogen. 
Modified S.A.E.-4320, 6130 and 4330 
filler rods were employed for the pieces 
illustrated. It will be observed that no 
cracks appear on any of these specimens. 
Similar test pieces, welded with S.A_E.- 
4130 and N.E.-8630 filler rods were 
crack free. 

We have seldom experienced hydrogen- 
type cracks in weldments made with this 


process 


alse > 


process when using the three filler materials 
first mentioned. (We have not had suf- 
ficient experience with the type 4130 and 
8630 materials to comment in this regard.) 


Fig. 23 


specimens 


Crack-sensitivity 
quenched in water immediately after 


welding: no postheat; held at 0° F.. 
for 24 hr., stress relieved at 1060° F.; 
type 4330 filler rod 

M-124—Metal-are process (low-hydrogen 


coating): U-1 ubmerged-are process; 
H-162—Argon-are process 
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Fig. 24 
No postheat; refrigerated 24 hr. at 40 


for lL hr. Etehed after stress relief. 
Mag. 100 X. Insert 3 X 


Cracks due to stress concentrations at the 
weld crater have been observed where 
faulty technique is employed 

These results appear to substantiate the 
theory that dissolved hydrogen is the 
prime cause of cold cracks. In its ab- 
sence such cracks should not develop ex- 
cept possibly under unusually severe con- 


ditions of stress concentration. 


The Effect of Thermal Stresses and 
Restraint Upon Crack Sensitivity 


The previous tests indicated that even 
the most crack sensitive of the three sub- 
ject filler materials would not crack when 
welded without postheat if a low-hydrogen 
welding process was employed, Addi- 
tional tests were, therefore, conducted in 
order to determine whether this freedom 
from cracking would be retained even 


with drastic quenching of the specimen 


Fig. 26 Water-quenched argon arc- 

welded specimen after full heat treat- 

ment showing absence of magnetic 

indications. Compare with lower 
figure on Fig. 23 
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F. Stress relieved at 1060° F. 
Modified 5.A.E.-4330 filler rod. 


Fig. 25 


Section of water-quenched argon-arc specimen 


for 1 hr. 
Mag. 100 X. 


Test pieces were prepared using the 
three processes which did not show cracks 
when welded without postheat, namely 
metal arc, submerged are and argon are. 
Figure 23 shows the specimens which were 


welded with the crack-sensitive type 4330 


M1248 


No postheat; refrigerated 24 hr. at 40 
E after stress relief. 
Insert 3 X 


Fig. 27 


Section of air-cooled argon-arc specimen 


F. Stress relieved at 1060° F. 
Modified S.A.E.-4330 filler rod. 


filler rod 
in cold water immediately after welding 


These pieces were all quenched 


and refrigerated at 40° F. for approxi- 
mately 24 hr., followed by stress relieving 
at 1060° F. for 1 hr 
inspection revealed no cracks other than 


Magnetic particle 


Specimens welded with various processes using type 4330 filler rod. 


ill were stored at 40° for 24 hr. 


M-1248—Low-hydrogen metal-are weld, water 
water quenched; H-l64—argon-are weld. iced brine quenched; 


air cooled 
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U-13586B—submerged-are weld, 
A-160—atomic-hydrogen weld, 


quenched; 
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the flux inclusions at the overlap points of 
the metal-are welds, 

The photograph shows that numerous 
small indications appeared on the argon- 
are specimens. These were at first sus- 
pected of being cracks. Micro and macro 
examinations, however, showed that this 
condition was due to a sharply defined 
grain structure resulting from the high 
cooling rate. This is illustrated in Fig. 24 
showing the specimen after etching in 2% 
Nital (magnified 3 X and 100). The 
sharply defined grain structure is very 
noticeable. 

Figure 25 shows a 3 X and 100 X mag- 
nifieation of a similar specimen. In this 
case, instead of water quenching, the 
standard air blast was employed which 
produced a much lower cooling rate. It 
can be readily seen that the structure ir 
this case is less clearly defined. 

it is well known that differences in 
structure and hardness will influence the 
magnetic properties of materials and this 
must be considered in interpreting mag- 
netic inspection indications. To verify 
this, Specimen H-162-A which showed the 
magnetic indications, was fully heat 
treated as follows: 


Normalized at 1600° F. for '/, hr. 


A146B 


Heated at 1600° F, for '/, hr. and oil 
quenched. 

Tempered at 1060° F. for 1'/, hr. and 
air cooled. 


After this treatment no magnetic indica- 
tions were visible as shown in Fig. 26. 
The reason that the argon are-welded 
specimens were the only ones which 
showed the clearly defined grain structure 
is not known. 

The results of the quenching tests sub- 
stantiate the theory that in the absence of 
dissolved hydrogen, thermal stresses dur- 
ing rapid cooling and transformation are 
not the primary causes of cracks but are 
only responsible for their propagation. 


The Influence of Hardness of the Weld 
Deposit Upon Cold Crack Sensitivity 


The relation between weld hardness and 
cold crack sensitivity was investigated 
because of the widespread belief that 
cold-crack sensitivity increases with in- 
creasing hardness of the weld deposit. 

Specimens were welded with the low- 
hydrogen metal-arc, submerged-are, argon- 
are and atomic hydrogen processes. The 
first two groups were water quenched and 
the third quenched in iced brine immedi- 
ately after welding, as it had already been 
determined that cracking would not result 


Fig. 28) Atomic-hydrogen weld, type 
410 + Mo stainless-steel filler rod 


(Tep) Standard <a. refrigeration and 
stress 
arrested and at 350° F. 
for 1 hr. 


Fig. 29 Atomic-hydrogen 
410 + Mo stainless-steel filler 
(Top) nating arrested and 
ducted at 600° F. for hr.; (bottom) 


arrested and postheating conducted at 700° 
for 1 hr. 
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with weldments so hardened. The atomic 
hydrogen-welded specimen was air cooled 
because it was shown by experience that 
cracking would occur even at the rela- 
tively slow cooling rate thus resulting. 

Type 4330 filler rod was used for all test 
welds. The specimens were held for ap- 
proximately 24 hr. at 40° F. after welding 
but none were stress relieved in order that 
a hardness survey could be made in the 
“as-welded” condition, After magnetic 
particle inspections, the pieces were photo- 
graphed. The results are shown in Fig. 
27. 

The specimen with the lowest hardness 
was that welded with the atomic-hydrogen 
process, the range being from 25 to 39.5 


Fig. 30) Specimens welded with vari- 
ous processes using type 410 + Mo 
stainless filler rod; all subjected to 
standard cooling and stress relief, no 
postheat 
A-163—Argon-are weld; M-123—Low-hy- 


drogen metal-arc weld; U-1365—Submerged- 
are we 
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Rockwell “C.”’ 


that this piece contains a very large num- 


The photograph shows 


ber of cracks, 

The other specimens were all much 
harder. The hardest was that welded with 
the argon-are process and brine quenched. 
This piece ranged trom 47 to 52 Rockwell 
“C.” None of this group were cracked 
however. 

The results of the tests would seem to 
confirm that in the absence of dissolved 
hydrogen, the relative hardness of the weld 
deposit is not a controlling factor in- 
fluencing cold cracking of the weld bead or 
the heat-affected zone. 


Cracking in Weldments Made with 
Stainless-Steel Filler Rods 


Crack-sensitivity studies were made of 
groups of specimens welded with several 
kinds of stainless-steel filler materials. 
One group was welded with the atomic- 
hydrogen process using type 410 + Mo 
filler rod. It was found that this material 
required «a higher postheat temperature 
than the 6300 and 4300 series previously 
studied, and that the temperature range 
was much more limited. 

Figure 28 shows that when not post- 
heated, weldments made with type 410 
filler rod developed numerous cracks (see 


specimens A-146-B). When cooling was 


Fig. 31 Atomic hydrogen-welded 
specimens, no postheat, 50% hot HCI 
etch inspection 


A-144 welded with type 347 stainless steel 
and A-145 welded with type 310 stainless steel 
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arrested and postheating conducted at 
350° F., serious cracking still oceurred, 
(specimen A-202-B). Cracking was very 
slight with the 4300 and 6300 steels at 
this temperature. It was not until a 
postheat temperature of 600° F, was 
employed that cracking was eliminated 
with the type 410 filler rod as illustrated 
\-230-B). When 


the postheat temperature was raised to 


in Fig. 29 (specimens 
700° F., however, cracking again occurred 
Crack- 


worse as the 


as shown on specimens A-232-B 
ing became progressively 
postheat temperature was increased, It is 
quite evident that very accurate control 
of the arresting and post-heating tem- 
perature is essential with this material. 
It seems logical to assume that by em- 
ploying a very slow cooling rate, the detri- 
mental effects of excessive postheat tem- 
perature can be minimized 

Further tests were made to determine 
the crack sensitivity of the type 410 filler 
rod when deposited with low-hydrogen 
welding processes, 

Figure 30 shows a sernes ol specimens 
welded with the argon-are, metal-are, 
electrodes) and sub- 
None of 


specimens were postheated, all 


(with lime-coated 

these 
having 
been subjected to the standardized cooling, 


merged-are processes 


refrigerating and stress-relief treatments. 
As is quite evident from the photograph, 
cracks did not develop in any of these 


specimens. 


hydrogen-welded 
magnetic 


Fig. 32 Atomic 
specimens, postheat, 
particle inspection 


A-161 welded with type #47 stainless steel 
and A-162 welded with type 310 stainless steel 


Aircraft Steels 


Steinberger, et al. 


Figure 31 shows a group of specimens 
atomic-hydrogen welded with the non- 
magnetic types 347 and 310 stainless 
steels No postheating Was employed, 
Because of the uncertainty of magnetic 
particle inspection when using stainless- 
steel filler mate rials, these specimens were 
hot etched in 50% HCL in water A 
series of indications were observed in the 
Type 4320 parent metal at the junction of 
the weld bead. While this might be due 
to underbead cracking, the radial position 
of the lines was not characteristic of such 
a condition. It was considered that the 
hot etching may have caused the indica- 
tions. To check further, a second series 
of test specimens was prepared and sub- 
jected to particle inspection 
which would be satisfactory for examining 


magnetic 


for cracks in the parent metal. 
Figure 32 shows that no radial cracks 
There 
weld 


were visible in the parent metal 
were numerous indications in the 
bead due to the magnetic discontinuities 
resulting from the dilution of the non- 
magnetic filler material with the magnetic 
material from the plate. This condition 
made it difficult to determine the condition 
of the weld bead with any degree of cer- 
tainty. 

The same four specimens were hot 
etched and re-examined, Figure 33 shows 
that the radial indications in the parent 
metal are not apparent in this instance 


Fig. 33 Atomic hydrogen-welded 
specimens, no postheat, 509% hot HCt 
etch inspection 

A-161 welded with type 347 stainless steel 
and A-162 welded with type 310 stainless steel 
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There are, however, indications in the 
weld deposits of most of the specimens 
which may be due to cracks. The study 
of this group was not carried further. 


PRACTICAL APPLICATION 


For the specific materials which were 
studied, it would appear that cold cracks 
can be effectively controlled by the ap- 
plication of the findings outlined in this 
paper. These consist basically of the fol- 
lowing factors which are listed in the 
order of their importance: 

(a) Use effective arrested cooling and 
postheat procedures which prevent the 
weld from dropping below 600° F. from 
the time that welding is started until at 
least 1 hr. after completion of welding. 

(6) Prevent hydrogen from being dis- 
solved in the weld zone through the use of 


It is not claimed that the temperature 
and time cycles mentioned in this paper 
will apply to all types of hardenable 
steels. It seems reasonable to assume, 
however, that the basic principles will ap- 
ply. A study of the time, temperature, 
transformation curves for each type of 
steel should give a first approximation of 
the proper thermal time cycle for arrested 
cooling and postheating. From this the 
proper conditions can be established to 
insure that transformation is more nearly 
completed at the proper elevated tem- 
perature. 

It is evident that much work remains to 
be performed before a thorough under- 
standing of the phenomenon of cold-crack 
formation in weldments can be attained. 

If this paper contributes in some small 
part to the extension of the current under- 
standing of the causes of cold cracks, and if 


could not have been undertaken. The 
active cooperation of the members of the 
Welding Research Laboratory and its 
parent Metallurgical Department made 
possible the preparation and examination 
of the specimens. 

Welding of most of the specimens was 
performed by D. Henry with the exception 
of those made with the submerged-are 
process by J. Smith. 
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Welding in Engineering Education 


(Continued from page 751) 


tures and machinery, where its requirements and pos- 
sibilities ought to be given the same weight as those of 
casting and riveting 

After all, it is the designer who—by means of his 
drawings—issues the fundamental technical specifica- 
tion of a job to the workshops, and he can only produce 
an efficient design for welding if he has a sound know!l- 
edge of its implications 

The old method of producing a design and adapting it 
for welding is fortunately dying out. Once a designer 
has decided on using welded construction his work has 
to be laid out accordingly, the arrangements of gears 
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and mechanisms, the layout of framed structures, etc 
have all to be based on the requirements of the welded 
design. 

At the Manchester College of Technology, apart 
from a course of Welding Engineering a series of lec- 
tures on welding technology and welding design (Koe- 
nigsberger, F., “Training the ‘Welding Engineer,” 
Wetpinc Journat, April 1949) is now incorporated 
in courses on strength of materials, design of struc- 
tures and machine design for University Students in 
Mechanical and Structural Engineering. These lec- 
tures appear to be weleomed by the Students. 

This seems to be the way to give welding its rightful 
place in all fields of engineering, and in turn should re- 
sult in production which is technically efficient and 
economically competitive 


Tue WELDING JOURNAL 


q 

‘ 


WELDER AND 


by R. L. Vining 


HERE is a special cutting technique 
which is used to cut cast iron with a 
standard oxyacetylene blowpipe. Op- 
erators have been using it for vears. 
Here is how it is done. 
Adjust the 
regulator to give working pressure twice 


cutting oxygen at the 
that recommended for cutting steel the 
same thickness. Keep the blowpipe cut- 


ting-oxygen valve open while setting 


this pressure on the regulator, then 
close it. 
Light the blowpipe, then adjust the 


heating flames to an excess of acety- 


Birm 


R. L. Vining, The Linde Air Products Co 
ingham, Ala 


Here is a special technique for 
cutting cast iron 


Fig. 1 


Move the blowpipe in semicircular arcs to 
provide more heat 


Preheat First Bite” 
Along 
To Be Cut 


Fig. 2 First preheat vertically what 
will be the first “*bite”’ of the cutting 
blowpipe 
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utting Cast Iron 


Movement of Nozzle 


Fig.3 Start at the top and swing the 
blowpipe in short arcs until the metal 
begins to “boil” 


lene. Again, make the adjustment with 


the cutting-oxygen valve open The 
length of the excess acetylene feather 
should be about two to two and one- 


half times the length of the inner cone 
CUTTING TECHNIQUE 


New close the cutting-oxygen valve 
again, and heat the edge to be cut from 
top to bottom, see Fig. 2 You are pre- 
heating what will be the first “bite’’ of 
throughout the 


the cutting blowpipe 


entire thickness of the metal. By warm- 


ing this part of the casting, the cut 


starts more quickly and more easily. 
The warmer the whole mass of iron is 
heated the easier it will be to cut. 


Fig. 3 shows the top view of the edge 


Cutting Nozzle 
45° 4gG/e at Start 


Molten Area 


Cutting Nozzle 
Angle After Cut 
/s Well Under Way 


Fig. 5 As soon as the cut reaches the 
bottom of the part, the blowpipe is 
straightened as shown here 


to be cut After you heat the edge, di- 
rect the blowpipe at the starting point 
at the top and swing the nozzle in short 
Hold the 


cones of the 


ares across the line of cut 
blowpipe so the inner 
flame (not the excess acetylene cones) 
are about '/s to '/; in. above the surface 
of the casting. A spot about the size of 
a dime is heated until the metal ‘‘boils.”’ 

When the bubble 


open the cutting-oxyger 


metal begins to 
valve a little 
and blow off the slag Then move the 
nozzle just over the heated edge, open 
the cutting-oxygen valve wide, and 
begin to move the blowpipe along the 
line of cut. Hold the nozzle at an angle 
of about 45° to the surface and use the 
same swinging motion. 

When the cut goes all the way 
bottom of the 


through to the part, 


Cutting Nozzle Positron 
When Finishing Cut 


Fig. 4 When the cut is started, the 
blowpipe is held so the nozzle makes 
an angle of about 45° with the surface 
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Fig. 6 The blowpipe is kept at the 
same angle as the angle of the lag 
until the cut is completed 
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straighten the blowpipe until it is at an 
angle of about 75°. Once the cut is 


started, the metal is preheated enough Heat This Area 
by the cutting reaction for the cut to To. Restart Cut 


go forward 
In cast-iron cutting, there wil always 


be some lag, even if the blowpipe is 


straightened up to 90°. However, by 
straightening the blowpipe the cut might 
be lost. 


At the far edge, carry the blowpipe 


over the edge and down across the 
outer surface. Hold the blowpipe at 
about the angle of the lag so that this 
part is cut through, Fig. 6. 

If you lose the cut, move the blow- 


Fig.7 Uf the cut is lost, reheat just as 
if starting a new cut 


pipe nozzle back along one edge of the FLUX CUTTING 


kerf about '/, in. and lap that edge and 


the point where the cut stopped. Use You can get more heat into the cut 
the same swinging motion. Then re- by using a steel welding rod when you 
heat the point where the cut stopped cut cast iron. Where the slag does not 
and start the cut again in the same flow easily, a steel rod will make the job 


manner as at the start (see Fig. 7). easier. The slag from 


the rod mixes 


with the slag from the cast iron and in- 
creases its fluidity so that it is easy to 
blow-off. The rod is fed into the cut 


PROTECT YOURSELF 


Remember that cast-iron cutting is a 
much hotter job than cutting steel. If 
vou try this technique for cutting scrap 
or for small cast-iron jobs, always protect 
yourself. There will be plenty of sparks 
and lots of slag coming off the work Al- 
ways wear heavy asbestos gloves and 
suitable woolen clothing. And keep your 
legs and feet protected from the molten 
slag. 

Always provide protection against heat 
and sparks before starting work, so you 
won't have to stop during the cutting job. 
Cast iron cuts best when it is very hot 
If you stop in the middle of a cut, the work 
will cool down and it will be even more 
difficult than at the start. 


Using Barrels as Gas- 
Cylinder Supports 


A well-built gas-cylinder truck is usually the ideal 
support for gas cylinders and has the advantage of 
added mobility. These trucks should always be used 
wherever possible as insurance against cylinders falling 
and sustaining injuries. This is especially true in the 
case of acetylene cylinders which should always stand 
in an upright position. There are occasions, however, 
in construction or field work where the terrain is rough 
or the work is carried on at a different level, where the 
use of a eylinder truck is impractical. In cases such as 
these, Fig. 1, shows a safe and easy way to make a 
barrel or drum, and two pieces of rope or link-chain 
does the trick when no adequate vertical support is 
available 

A clean drum or barrel, free of all grease and oil, is 
placed at the spot where the eylinders are to be located 
and filled from to ' full of ballast. Ballast may 
consist of any available material such as rocks, sand, 
dirt or water. By using water as a ballast and adding a 
bucket, the barrel may also be used as a fire extin- 
guisher. With the barrel anchored firmly in place, the 
cylinders are positioned against the barrel and lashed 
to the drum. 


ORUM OR BARREL 


Courtesy Air Reduction Sales Co 


Fig. 1. Ballast barrel used to support cylinders 
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Ideas for Designing Housings and Covers 


§ Thought starters on welded design suggested by The Lincoln Electric Co. 


S shown in the following examples, 
arc welding provides the designer 
with unlimited flexibility when it 

comes to produciag machinery housings 
and covers at low cost. Different types of 
construction can easily be utilized depend- 
ing on the basic requirements of the part, 
the appearance desired, the quantity to be 
produced and the shop equipment avail- 
able for fabrication, Through welded con- 
struction, the designer can also eliminate 
possibilities for accidental breakage is 
with cast iron or loosene ss a8 common 
riveted designs 

The simplest type of container (Fig. 1) 


is fabricated from plain sheet, sheared to 


size and welded with intermittent welds 
on the inside or with a solid corner weld on 
the outside. Two pieces can be bent as in 
Fig. 2, to cut the amount of welding 
needed. The fit-up of simple containers 
can be simplified further by bending the 
edges in a brake (Fig. 3) making welding 
easier by minimizing the danger of burn- 
through on light gage metals 

The sides of the container can be bent as 
in Fig. 4, also reducing the amount of weld- 
ing necessary The joint can be a plain 
butt weld ora back-up strip tacked to one 
side for easier fit-up and welding The 
joining surtaces also can be bent for fast, 


CAasy edge welding \ plain steel strap 


welded to the bottom or top provides 
added strength and improved appearance. 

The container sides can be rolled from a 
single piece (Fig. 5) and welded as in- 
dicated above \ rolled-steel strip or 
angle added to the top can be used for bolt- 
ing on a cover if desired. The bottom 
piece can be fill t welde 1 inside or outside, 
depending on the diameter of the container 
and the appearance desired 

Two formed sections welded together 
(Fig. 6) produce totally enclosed con- 
tainers as for fluid storage tanks. The 
mating surtlact mia be edge welded or 
welded through with automatic submerged 
A similar tank « 


are welding an also be 
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fabricated from formed heads and a 
rolled cylinder or tubing depending on 
the size. The heads are telescoped inside 
the cylinder and lap welded for pressure 
tightness and appearance. 

Another type of construction is to use 
two formed ends and a plain center, The 
center piece can be offset to fit under the 
formed ends or a back-up strip tacked to 
the center section to simplify fit-up and 
welding. 

Partitions are simply formed from plain 
sheet asin Fig. 7. A single bend or double 
bend is used, depending on the strength 
and appearance required, 

Hinged doors, sheared or formed to 
shape, can be provided with simple hinges 
One type of hinge is made 
Where 


long doors are invelved, piano-type hinges 


as in Fig. 8. 
from plain, small diameter pipe, 


or plain hinge sections are welded to the 
housing and to the door, 

Connections or take-offs for fluids (Fig. 
9) are made by arc welding standard pipe 
fittings to the containers. The fittings 
can be simply positioned on the top or in- 
serted in a punched hole and fillet welded, 


Where housing ex- 
tensions are required, 
they can be made 
from tubing or 
formed steel as in Fig. 
10. The end of the 
tubing can be covered 
by a plain disk, butt 
welded to the tub- 
ing wall. Similarly 


a dished head can be 
used, fitting inside 
the tubing and lap welded in place. The 
extensions can be fillet welded to the con- 
tainer wall or a ring used where bolted 
construction is desirable for easy removal 
at any time. 

Handles are easily made from plain bar 
stock bent and welded as ig Fig. 11. 
When it becomes desirable to have the 
handles loose, washers can be welded to 
the ends of the bar stock. 

Bolting rings or adaptors providing suf- 
ficient metal for securely holding bolts can 
be welded on the inside as in Fig. 12. Cap 
screws or nuts can also be welded from the 
inside for bolting on parts, 


Covers may be plain sheared stock or 
formed as in Fig. 13. 
often desirable where bolts are used, 


Washers or plugs, 


distribute the pressure of each bolt over a 
wider area 

The typical gear case shown in Fig. 14 
incorporates many of the fundamental re- 
quirements for this type of machine part 
Light weight, yet rugged construction, 
provides maximum durability for the 
severest of service. 


Annual Meeting Program 


Given in this issue 


Why and How Metals Break 


EW theories as to why and how metals break, 
which have a bearing on a longer life for cut flow- 
ers and the height of giant California redwoods, 
have been revealed. 


Investigations by scientists of the General Electric 
Research Laboratory show that the fracture of metals 
begins with extremely small cracks, nuclei which grow 
into a large split when enough tension is applied. Prior 
to this investigation, it was usually assumed that the 
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break in the metal occurred instantaneously through- 
out the sample, the scientists explained. 

The metals study was begun with research into how a 
column of fluid breaks. 
bubbles, which break a water column, have much in 
common with cracks in metal, it was pointed out. 

If a pull is applied to a column of fluid or a bar of 
metal, the column or bar will hold together if the ten- 
sion is not great enough to do the work of making the 
nuclei (bubbles or cracks) grow into a break. For 
every tension there is a critical bubble or crack size. 


It soon became apparent that 
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If, when a certain tension is applied, there are nuclei of 
the critical size or larger, they will grow rapidly, causing 
the sample to break. However, nothing will happen if 
only nuclei smaller than critical size are present, ac- 
cording to the scientists. The smaller the nucleus, the 
bigger the force needed to expand it into a break, they 
said. 

The giant California redwoods give a good example of 
how much tension a fluid can stand without breaking, 
according to the scientists. The larger redwoods pull 
columns of water in their trunks as high as 300 feet 
above the ground, under a tension of about 130 pounds 
per square inch. Water under so low a pressure would 
be expected to boil. But if this were to occur in a tree, 
the column of sap would be broken, and the tree would 


die. The redwoods survive because there are no nuclei 
of the critical size for the 130-pound tension exerted on 
the sap, the scientists explained. Before the boiling 
process in fluids or the breaking process in metals can 
take place, there must be nuclei, the G-E researchers said. 

When a flower is cut in the garden, a super-critical 
nucleus is introduced into the bottom of the stem, 
growing quickly into bubbles which block the stem’s 
water columns. It is then impossible for the flower to 
suck up water from a vase, so the flower soon wilts. 
However, the scientists suggest that those flower fan- 
ciers, Whose mothers didn’t tell them the trick, cut off 
the bubble-blocked portion of the stem under water in 
the vase. The column is thus restored and the flowers 
will live considerably longer. 


Spiral Tubing Produced 


PIRAL welding tubing of stainless steel, Inconel and 
plain carbon steel has been made by the B & M 
Manufacturing Co. of Grand Rapids, Mich. Tub- 
ing of almost any diameter and thickness can be 

easily produced by forming into a closed spiral and weld- 
ing the joint with a “Heliare” torch. The same process 
and equipment can be used to making tubing of brass, 
aluminum or even magnesium. Diameters range from 
'’, to 3 in. and walls from 0.015 to 0.0625 in. or more. 
The forming machines are simple and light—no heavy 
equipment or forming dies are used 

Particular advantages of this process are the speed 
and the adjustable feature that permits tube of dif- 
ferent size and thickness to be welded with only a few 


adjustments of the forming head and welding machine 


Fig. 1 ‘*Heliarc”’ welding spiral tube of stainless steel 
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Fig. 2 (Above) Stainless steel tube, 
gage thick—no hydrogen backup. (Below) diameter 


by “Heliare’” Welding 


Coiled strip of proper width is placed on the forming 
machine and foreed through a die that makes the 
spiral. As the tube emerges from the die it passes under 
the “Heliare’’ torch and the seam is automatically 
welded. The tube can then be given a cold draw to 
produce a perfectly smooth surface 

Inert gas-shielded are welding is particularly adapted 
for this type of work. Due to the high intensity of the 
arc, welding is rapid and there is practically no distor- 
tion. Welds are of excellent quality and there is no 
flux to remove after welding 

The tube shown in Fig. 1 is made of 19-gage, Type 304 
stainless steel. Flat strip * , in. wide makes a spiral #/s 
in. in diameter. For certain applications, hydrogen is 


burned inside the tube to prevent oxidation 


~ ~ 


Photos courtesy The Linde Aw Producta Co 


*/, in. diameter, 19 


tube, 28 gage thick, with hydrogen backup 
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by A. J. Last 


N THE fabrication of Bowen electrically 
heated aluminum hot-water tanks for 
trailer coaches, the Handling Equip- 
ment Mfg. Corp. of Wixom, Mich. 
uses a 400-amp. General Electric Inert-Are 
welder with crater filler attachment. 

Figure | shows the component parts of 
one of their tanks. The two half stamp- 
ings are made of 38SH14 aluminum. The 
ring is an extrusion of 43 8 aluminum. 
Careful design as to the shape of this ex- 
trusion allows it to serve a dual purpose. 
First it acts as an effective backup and 
secondly it provides the proper amount of 
filler metal to the joint. The completed 
tank in an aluminum case is shown on the 
left 

Figure 2 shows the fixture for holding 
the nipples in place for manual welding. 
As shown, the stamping is in the horizontal 
position. The fixture is attached to a 
hinge that lets the operator change the 
position to the vertical as the weld pro- 
gresses around the tube. On the com- 
pleted tank is shown a unique method of 
attaching a stud. An aluminum U- 
shaped clip with a hole in the center is 
slipped over the square head machine bolt 
and then welded to the tank. In both of 
these welds the crater filler attachment, 
that automatically reduces the current 
when necessary, is an invaluable aid to the 
operator in making strong and neat ap- 
pearing welds 

Figure 3 shows the fixture for welding 
the two stampings together 

Accurate records maintained by Han- 
dling Equipment Mfg. Corp. on gas con- 
sumption have revealed some interesting 
results. When they first went into pro- 
duction Argon gas was used exclusively 
and the following information was re- 
corded 

l The electrode was connected to the 
100-v, tap on the welder 

2. The welding current was 350 amp., 
which was the maximum current the 


A. J. Last is with the Welding Sales & Engineer- 
ing Co., Detroit, Mich 
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Helium vs. Argon for Welding of Aluminum 


® One gas is not as good as another for automatic inert arc welding of aluminum 


Figure | 


Figure 2 
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*/y-in. diameter tungsten would with 
stand without balling up. 


3. One-fourth-in. diameter tungsten 
could not be used to take advantage of the 
400 amp. output of the welder because it 
made the bead too wide. 

4. At 350 amp. with Argon the welding 
speed was 16 ipm. 

5. The gas consumption was 15 cu. ft 
per hour 


In an attempt to get a faster welding 
speed Helium gas was tried and the follow- 
ing results noted. 

1. When the first tank of Helium was 
used the electrode was connected to the 
100-v. tap, which was the same tap as 
used with Argon. 

2. With this connection the Helium 
consumption was 40 cu. ft. per hour 

3. The welding speed about the same 
as Argon 

4. The electrode connection was 
changed to the 150-v. tap with the follow- 
ing results 


250 amp. of current used with Figure 3 


tungsten 


. deeper penetration, and = also welds, which are narrower and have more 
Gas consumption reduced from 40 


cu. ft. per hour to 19 eu. ft. per higher with more reinforcement, reinforcement, areé tronger than the 


hour. than welds made with Argon Argon welds with wider and flatter beads 


Welding speed increased from 16 The Handling Equipment Mfg. Corp Argon gas is still used for manual welding 


ipm. to 26 ipm hydrostatically tests all tanks at 300 psi because it is easier for the operator to 


Weld beads were narrower with pressure. In their opinion the Helium manipulate the are 


é 
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Seesaw 


(2) 10 
Hard Wood 

\ \ Collar 

by H. C. Bell \ 342" bipe Braze 


— 34 Pipe 
HIS seesaw helps to keep little tots 
happy. It’s easily made from ma- 
terials you have around the shop 
Two 2- by 10-in. planks, 10 ft.-long, 
on \ 4 
make the teeters They are fastened to t \ I Pipe 24 lg. 
supports made from 3'/:-in. pipe and \ \ 
strap iron. Two pieces of strap iron are | \ 
brazed to the pipe as shown in Fig. A. The ; 


\ 
(4) 2x 12" Stee/ 


teeters are held in place by a spacer and yt | (8) hax 3 lg. Carriage Bolt \ 
two collars These ire also mit le from 4 tity ® 
3'/--in. pipe, 3-in. pipe is used for the / Pipe 
crosspiece and the legs / \ lip 

‘ hy 4 4 
Ground 
Line 


All parts were braze welded. The low 
heat required for braze welding makes it 
a fast, economical welding method 
H. C. Bell, The Linde Air Products 


City, Utah 
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Disappearing Welds 


§ Special welded truck bodies are finished with body solder 


by M. L. Powers 


NE auto body and fender shop has gone into the 
business of building special truck bodies of all- 
steel construction. And although many of the 
fabricating operations consist of oxyacetylene 
welding, all the welds disappear—solder applied over 
the welds makes them completely “invisible.” Here 
is how they do it quickly and efficiently (see Figs. 1-5). 


M. L. Powers, The Linde Air Produets Company, Kansas City, Mo 


Fig. 3 Weld areas are then ground and painted with muri- 
atic acid cut with sinc, and the cleaned surfaces are tinned 
with body solder 

Following tinning, body solder is applied 


Fig. | One of the welding operations consists of welding 
a sheet-metal corner section to the body panel 


A small neutral flame is used to make the weld. Where the sheet« 
overlap, the weld ix made by melting the edges 


Fig. 4 For all soldering operations, the flame is long and 
bushy with a heavy excess of acetylene 
The solder is kept mushy, so it can be smoothed with a wooden paddle 


¥ 


Fig. 2) After an inch or two of the weld is completed, the be 
weld metal is wee — depressed to receive the Fig. 5 Just enough heat is used to keep the solder in a 
body solder pasty condition 


Steel welding rod is used Final operations consist of grinding and painting 
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Welded Television Tower and Antenna 


by Otto R. Bradshaw 


ALK about spare time jobs—one welding operator y 
built a television tower and antenna during his 
slow periods, Fig. 1 shows the 30-ft. tower and 10- 

ft. antenna. 

The tower was built from thin-wall electrical conduit 
and welding rod. All the joints were braze-welded 
bronze rod and Brazo flux tinned perfectly to the 
galvaneal coating of the conduit. Construction of the 
tower is shown in the sketch, Fig. 2. 

The tower legs are hinged to angle iron frames which 
are anchored to the roof as shown in the sketch. The 
tower was raised by first hinging two of the legs to one 
angle frame. Then the tower was pushed up with a 
notched pole, and the third leg secured. The angle 
frames held the tower during winds up to 80 miles per 
hour even before 3 guy wires were added for safety. 

The 10-ft. antenna was made from '/,-in. aluminum 
tubing. Joints were fusion welded using a soft flame 
An excess acetylene flame was used to keep oxide from 
forming too rapidly during welding. The antenna can 


Otto R. Bradshaw is connected with the Bradshaw Weldors Supply Co, Poe 
Waukesha, Wis Fig. 1 Welded television tower and antenna 


Ya in. Electrical conduit Washers guide 


jn eluminum in. Electrical conduit control rod 


tubing 
Braze-welded 


Contro/ rod. 


Detail A Angle iron 
frame 


trol rod 

End of antenna shore fitted 
tubing Plates bolted to —* 

: roof rafters under fo 

asbestos shingles 


Here are the details for constructing the tower and antenna 
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be rotated to pick up stations more clearly. This is 
done by means of a steel rod which is fastened to the 
base of the antenna and goes down to the roof. Since 
only two stations can be obtained in this location, the 
antenna is rotated by hand from the roof. In locations 
where more stations can be picked up, the antenna 


can be rotated by means of a small motor. The motor 
can easily be mounted on the tower, roof, or even inside 
the house. 

Coaxial cable lead-in from the antenna runs down 


inside one of the legs through the roof to the set. 


How Good Are Your Welds? 


by R. L. Fuller 


HAT is the best way to test your welds? When 

you make a welded repair you want to be sure 

that the repaired part will give good service. 

Your customer also wants to know that the 
part is going to last. 

Use the best welding equipment, the best welding 
rod and flux you can buy and correct welding proced- 
ures and generally you can be sure your welds are 
strong. 

The best test for welds is to watch carefully while you 
are welding. For example, on your braze-welding 
jobs you know that strong welds depend upon proper 
tinning. When you can see that you are not getting 
good tinning, you know something is wrong. Maybe 
all the grease, rust, and dirt was not removed, or the 
metal may be too hot or too cold. Unless you correct 
the fault and get good. tinning, you can be sure the 
weld will be weak. For fusion welding you know that 
the part must be molten when you add molten weld 
metal. If you do not get good fusion between the 
welding rod metal and the original metal, all the way 
to the base of the weld, it is sure to be weak. 

You can test new welding operators the same way. 
Just watch the welding in operation and you can tell 
whether or not there is good tinning or fusion. After 


R. L. Fuller is with The Linde Air Products, New Orleans, Pa 


a weld has been completed you can learn something 
about it by studying the appearance. Of course, this 
does not mean that you can tell the quality of the weld 
by its appearance alone. 

Smooth, even ripples are a good indication that you 
had the weld metal under control. The correct con- 
tour of the weld—a gentle slope from the center of the 
edge—is good evidence that the weld is sound. There 
should not be too much reinforcement. A maximum 
height of '/s in. above the surface of the plate and a 
minimum of '/\, in. usually is about right, depending a 
little on the thickness of the metal. On some welded 
parts heavy reinforcement may actually weaken the 
weld. Besides, you waste welding rod, oxygen and 
acetylene. 

Lack of penetration is a fault that usually can be de- 
tected easily. It is caused when there is not enough 
spacing between the parts or when the bevel was not 
made properly. On bronze welds it means that you 
did not get good tinning before you began to build up 
the weld. A single vee-weld should show penetration 
on the bottom in the form of a small bead. Too much 
penetration, in the form of icicles is almost as bad as the 
lack of penetration. It shows that the weld was over- 
heated and therefore probably had been oxidized and 
weakened. Undercutting is another fault. It means 
that parts of the weld metal are below the surface of the 
parts that were welded. This isa serious defect because 
it greatly reduces the strength of the weld. 

For those jobs which are covered by codes, stand- 
ards or regulations of various:governing bodies, exten- 
sive testing may be required, and should be followed 
exactly. For general maintenance and nencode work 
the foregoing instructions are a good guide 


Correct Weld Contour 


Excessive Reinforcement 


Insufficient Penetration 


Undercutting or“Valleys” 


Weld Meta! Protrusion 


Fig. 1 The appearance of welds can show some defects 


Notice that the correct weld slopes gently from the center to the sides 
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COMPLETE SUPPLIES FOR WELDING AND BRAZING 


ALUMINUM 


your 


In the listing below, you’ll find an Alcoa Distributor 
practically in your own back yard. He’s a good man 
to know... for he carries the world’s best stock of 
flux, rod, electrodes, solder, brazing sheet and wire. 
Results are predictable with Alcoa supplies because 
they’re made by the men who know the metal best. 

If there is no Alcoa Distributor near you, write 
ALUMINUM COMPANY OF AMERICA, 1944] Gulf 
Building, Pittsburgh 19, Pennsylvania. 


ALCOA DISTRIBUTORS NATIONWIDE: 


Atianta, Georgia Cleveland, Ohio 

© }. M. Tull Metal & Supply Co., Inc. © Wiliams & Company, Inc. 
Baltimore Columbus, Ohio 

© Wiliams & Company, Inc. 
Dallas, Texas 

© Metal Goods Corporation 
Detroit, Michigan 

© Steel Sales Corporation 
Houston, Texas 

© Metal Goods Corporation 
Kansas City, North, Missouri 
© Metal Goods Corporation 

Les Angeles, California 

© Ducommun Metals and Supply Co. 
© Pacific Metals Company, Ltd. 


© Whitehead Metal Products Co., Inc. 
Beston (Cambridge), Massachusetts 
© Whitehead Metal Products Co., inc. 
Buffale, New York 
© Brace-Muelier-Huntiey inc. 
© Whitehead Metal Products Co., inc. 
Chariotte, North Carolina 
© Edgcomb Steel Company 

0, 


Milford, Cona. 

© Edgcomb Steel of New England, inc. 
Newark, New Jersey 

© Whitehead Metal Products Co., inc. 
New Orleans, Louisiana 

© Metal Goods Corporation 

Wew York, New York 

© Whitehead Metal Products Co., inc. 
Philadelphia, Pennsylvania 

© Edgcomb Steel Company 

© Whitehead Metal Products Co., inc. 
Pittsburgh, Pennsylvania 

© Wiliams & Company, inc. 

Portiand, Oregon 

© Pacific Metal Company 


Rochester, New York 

© Brace-Muclier-Huntiey, inc. 
San Francisce, California 

© Pacific Metals Company, Ltd. 
Seattle, Washington 

© Pacific Metal Company 

St. Lewis, Missouri 

© Metal Geeds Corporation 
Syracuse, New York 

© Brace-Muelier-Huntiey, inc. 
© Whitehead Metal Products Ce., inc. 
Tolede 

© Wiliams & Company, inc. 


| fm 
ALCOA ALUMINUM | 
| 
| t 
SepreMBER 1950 175 


2 


~« 


1950-51 Officers, A.W.S. 


The following candidates proposed by 
the 1949-50 Nominating Committee in 
accordance with Article XII, Section 7, of 
the By-Laws: were endorsed by the 
membership through a letter ballot and 
have been declared elected. 

For President: H. W. Pierce, Asst. to 
President, New York Shipbuilding Corp., 
Camden, N. J. 

For First Vice-President: C. H. Jennings, 
Engineering Manager, Welding Dept., 
Westinghouse Electric Corp., Box 2025, 
Buffalo 5, N. Y. 

For Second Vice-President: F. L. Plum- 
mer, Direetor of Engineering, Hammond 
Iron Works, Box 629, Warren, Pa. 

For Treasurer: R. 8. Donald, Sales En- 
gineer, 50 Church St., New York 7, N. Y. 

For Directors at Large: La Motte 
Grover, Structural Welding Engr., Tech- 
nical Sales Div., Air Reduction Sales Co., 
60 EB. 42nd St., New York 17, N. Y.; H. E. 
Rockefeller, Mgr., Process Development 
Dept., The Linde Air Products Co., 30 EF. 
#2nd St., New York 17, N. Y.; J. R. Stitt, 
Research & Welding Engr., The R . C. 
Mahon Co., 8650 Mt. Elliott Ave., De- 
troit L1, Mich., and C, B. Voldrich, Weld- 
ing Battelle Memorial Institute, 
305 King Ave., Columbus 1, Ohio. 

Following are the candidates proposed 
tor District Vice-Presidents and District 
Representatives on the 1950-51 National 
Nominating Committee by the District 
Nominating Committees in accordance 
with Article VI, Section 6, of the By-Laws. 
Only members in Distriets Nos. 2, 4 and 6 
are permitted to vote for District Vice- 
President of their District. Members of 
each District vote for their District Repre- 


sentatives on the 1950-51 National 
Nominating Committee: 

For District Vice-Presidents: District 
No. 2 (Mid-Eastern)—A. G. Bissell, 


Principal Engr., Bureau of Ships, Navy 
Dept., Code 692, Washington 25, D. C.; 
District No. 4 (Central)——T. J. Crawford, 
Consulting Engineer, 3726 Kipling Ave., 
Berkley, Mich. and District No. 6 (Mid- 
Southern)}—A. E. Wisler, Engineer, 
Hughes Tool Co., 300 Hughes, Houston 11, 
Tex. 

For District Representatives on Na- 
tional Nominating Committee: District 
No, 1 (New York and New England) —C 
bk. Jackson, Res. Metallurgist, Union 
Carbide & Carbon Res. Labs., 4625 Royal 
Ave., Niagara Falls, N. Y.; District No. 
2 (Mid-Eastern) Louis Ames, Technical 
Sales Representative, Air Reduction Co., 
Philadelphia, Pa.; Distriet No. 3 (South- 
ern)—D. H. Curry, Welding Engineer, 
Chicago Bridge & Lron Co., Birmingham 1, 
Ala.; Distriet No. 4 (Central) J. R. Stitt, 


S activities + related events 


The R. C. Mahon Co., 8650 Mt. Elliott 
Ave., Detroit 11, Mich.; District No. 5 
(Mid-Western)—-W. G. Fassnacht, Asst. 
Chief Metallurgist, Bendix Products Div., 
Bendix Aviation Corp., South Bend, Ind.; 
District No. 6 (Mid-Southern)}—A. K. 
Pandjiris, Pres., The Pandjiris Weldment 
Co., St. Louis, Mo. and District No. 7 
(Western)—Charles L. Haynes, Asst. 
Supt., C. F. Braun & Co., Alhambra, 
Calif. 


District Changes 


As of the Socrery’s fiscal year starting 
Sept. 1, 1950, there is effected, by approval 
and action of the Board of Directors, as 
well as agreement of the Sections involved, 
a change in Districts 1 and 2 Sections, 
namely, the New York and New Jersey 
Sections. 

These two Sections have in the past 
been affiliated with District 1, known as 
the New York and New England District. 
As of Sept. 1, 1950 and thereafter until 
further notice, the New York and New 
Jersey Sections shall be affiliated with Dis- 
trict 2, the Mid-Eastern District. 

The proposal to make this change was 
submitted on the occasion of the meeting 
of the Section Advisory Committee in 
Philadelphia during the Annual Meeting 
in 1948. It was observed that geographic 
locations of the New York and New 
Jersey Sections, transportation facilities, 
ete., indicated a better working pattern if 
the two Sections named were contained 
within the same District group as Phila- 
delphia, Baltimore, Washington and other 
nearby Sections. The proposal of the 
Section Advisory Committee was sub- 
mitted to each of the current District 
Officers, as well as to the current Section 
Officers. Each Section voted thereon and 
the decisions in all instances were favorable 
to the change. The recommendations 
were presented to the National Board of 
Directors and such received their ap- 
proval. 

All Sections in Districts 1 and 2 have 
been accordingly officially notified by letter 
from National Headquarters and hereafter 
the records of the Socrety shall indicate 
the New York and New Jersey Sections’ 
affiliation with the Mid-Eastern District, 
Wistrict 2. 


Record Breaking Attendance at 
1950 A.S.T.M. Annual Meeting 

The 53rd Annual Meeting of the Ameri- 
can Society for Testing Materials held in 
Atlantie City June 26th to 30th was as 
usual featured by a large number of tech- 


Society Activities and Related Events 


nical papers and reports given in the 23 
formal technical sessions, and throughout 
the week there were upward of 500 meet- 
ings of the A.S.T.M. technical committees. 
Another interesting feature was the bi- 
ennial Exhibit of Testing Apparatus and 
Related Equipment together with the 
Photographic Exhibit which featured 
prints, photomicrographs and electron 
micrographs on engineering materials. 

The registered attendance—2134—is a 
new high, exceeding the previous figure 
of 2064 for the 1944 Annual Meeting in 
New York City. Many other technical 
people were at the meeting, visiting the 
exhibits or attending the technical ses- 
sions. 

Recommendations from technical com- 
mittees resulted in 68 new specifications 
and tests, with revisions in some 200 ex- 
isting standards and tentatives. All of 
these will be published separately and 
also in the 1950 Supplement to the 1949 
Book of A.S.T.M. Standards. The total 
number of A.S.T.M. Standards is now 
about 1675. 


Journal Questionnaire 


On Jan. 23, 1950, with the approval of 
the Board of Directors, a Questionnaire 
was sent to the entire membership (about 
7200) to ascertain reader interest in various 
sections of the JouRNAL. 

On April Ist the returns were declared 
officially closed and the task of analyzing 
the 726 replies was undertaken. Each 
questionnaire had 115 possible votes and 
11 places for comments. These votes were 
further divided in 16 job categories. 

The comments occupied 155 typewritten 
pages and the votes reduced to percentage 
basis occupied 10 additional pages. 

Briefly the results of this questionnaire 
led the Wetpinc JournaL Committee to 
the following basic conclusions: 


1. The JouRNAL as a whole is helpful 
to 95% of the responding members. 
Three per cent of the responding members 
had difficulty in locating the Contents 
page and therefore the WeLpinc JOURNAL 
Committee recommends to the Board that 
the cover be redesigned to include the 
feature articles and the page location of the 
Contents page and Advertisers Index 

2. The Engineering and Technical 
Articles are acceptabie to 88% of the re- 
sponding members and should not be 
changed. 

3. The Practical Welder and Designer 
Section is liked by 78% of the responding 
members and should be continued in about 
the same proportion. 

4. The Principal Departments in the 
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In every major plant 
welding personnel state: 


Journal” 
Survey after survey shows that Welding Journal is read by 
approximately 30.000 engineers. executives. designers. drafts- 
men, supervisors. technicians and practical welders every 
month ... reaching the “behind the scenes” purchasing power 


of the welding industry at the lowest unit cost. Why do these 
men read the Welding Journal? Because: 


i. w elding Journal is the official organ of the American Welding Society 
and the Welding Researeh Council. 


2. Welding Journal contains more than 21 times the editorial material 


on welding than any other magazine in the world. 


3. Welding Journal each year gives its readers the results of more than 


a million dollars’ worth of research. 


4. Welding Journal contains news articles and regular feature sections 
of direct interest to the practical welder, as well as welding engineers, 


engineers who are interested in welding. and designers. 


§. Welding Journal’s “News of Industry”. “New Products”, and “New 


Literature” sections are the “Bible” of the industry. 


SO REMEMBER — WELDING JOURNAL gives you more for 
your advertising dollar than any other welding publication in 
the world! 
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News Section are well received. Ex- 
amples: 

% 

Like Society and Related Activities 
Like News of the Industry........ 88 
Like New Literature 85 
Like New Products 90 
Like Section Activities 


5. The Research Supplement should 
be continued, 50% voted against separa- 
tion and only 22% voted in favor of 
separation. 

6. The Advertising is read by 88% of 
the responding members and found help- 
ful by 74% of them with 49% making 
actual purchases as a result of ads in the 
Journat. These comments will form the 
basis of a new advertising brochure. 

7. The $50 U. 8S. Saving Bond was 
awarded to Ludwig Adams, Research En- 
gineer, Pittsburgh-Des Moines Steel Co., 
as sendingin the most helpful questionnaire. 
Honorable mention goes to: C. M. 
Clogston, Chief Welding Engineer, North- 
ern Pump Co.; Charles Kandel, President, 
‘raftsweld Equipment Corp., and K. V. 
ing, Engineer, Standard Oil Co. of 
‘alifornia. 

There follows a detailed analysis of the 
feplies on a percentage basis: 


I. The JOURNAL as a whole: 
Do you like the Yes No 
JOURNAL'S ap- 


pearance? os 1 
Is the type easy to 
read? 


Do the Titles and 
heading help you 


decide what toread? 2 4 
Are enough pictures 

and diagrams 

used? 79 16 


Do you like the 
“Contents” page? 87 
Is the JOURNAL 
helpful to you? 95 2 


engineering and Technical articles: 


I}. A. Are enough subjects covered 
in each issue? 
75 Enough. 15 Not 


enough. 6 Too many. 
Are these articles easy to 
understand? 


Sometimes. 0 Never. 
Should articles be: 

24 Long and detailed. 

56 Short as possible. 

B. How about language? Is it: 
Too technical 8. Too 
simple and indefinite 2. 
Generally all right 88. 

How often do you find articles 

of special interest to you? 
60 in every issue. 31 about 
every 3 months. 4 Once or 
twice a year. 1 Seldom if 
ever. 


III. Practical Welder and Designer 
A. Do you like this section? 
78 Yes. 8 No 
Do you find the articles use- 
ful? 
66 Yes. 3 No. 17 Not use- 
ful in my line of work. 
B. What kinds of articles do you 
like? 
Articles on Repairs? 40 
Articles on How to do 
specific jobs? 56 
Articles on How to weld 
specific metals? 69 
Articles on Jigs, fixtures or 
tools? 48 
Articles on Practical de- 
sign? 58 
Articles on hard surfacing? 
35 
Articles on Making new de- 
vices? 43 
C. Are these articles easy to 


understand? 
84 Yes. 2 No. 
D. Are they adequately illus- 
trated? 


74 Yes. 11 No. 
IV. News Items 


Just Not Interested 


2 

3 

Society and related 
activities 71 1 13 
News of the industry 88 1 4 
Personnel news 57 3 27 

85 1 


New literature 


for welded assembly 


parts to be welded 


tural frame 


Montreal 2, Ca: 
Canad 


WELDING CONNECTORS 


Saze System Welded Connection Units 


Saxe Units place in position and securely hold together structural 


As used in many welded structures they eliminate all hole punch- 
img producing an economical, rigid, safe and quickly erected struc- 
“Write for 58 pg. Manual containing full engineering design 
ormation for welded structures.” 

J. H. Williams & Company 
Buffalo 7, New York 
G. D. Peters Company 
nada 


9 Always. 74 Usually. 14 : 


Society Activities and Related Events 


New products 


Employment Service 


Bulletin 
New patents 
Section Activities 
New Members 


90 1 35 
37 
68 2 20 
60 2 25 
52 3 28 


V. Research Supplement 
A. Please check statement that 
most nearly expresses your 
ideas about the Research Sup- 
plement only. 


Often find helpful 
ideas in this sec- 
tion. 35 

Think this is the 
most important 
and helpful part of 
the JOURNAL. 25 
Never read the Re- 
search Supplement. 


Occasionally con- 
tains useful ar- 
ticles. 24 

Find this section 
very interesting 
and helpful. 29 
Never find any- 
thing in it helpful 
in my work. 4 


B. I think that articles in the Research 
Section are usually 


Timely and useful 50 
Good to have on file 


Too short 
Easy to read 


Opinion 


Easy tounderstand 36 13 


Interesting 
Too long 


8 © ° 
~ 
2 16 

73 5 
4 34 13 
42 15 9 
8 

544 7 
17 23 13 


Don’t apply to my 


work 


12 22 8 


Could be simplified 30 13 14 

C, Should the Research Supplement be 
published separately and sold to 
those interested? 


22 Yes. 50 No. 


VI. Advertising 


15 No Opinion. 


Do you read the ads in 


the Journal? 


Do you find them help- 


ful? 
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SPECIALIZING IN “BETTER-BUILT”™ 
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CORPORATION 


To assist you in your re-tooling problems...or to help 

you analyze your present welding methods so that you 

may enjoy maximum speed, efficiency, and economy in i - 
many of YOUR production problems, EUTECTIC offers | Gesesesssssceont ++ 
—FREE of charge and without obligation —this new, 

packed-full-of-information book! 


Over 40 pages of helpful data covering basic and advanced § + re iid 

welding techniques and designs used in fabricating and 

assembly. Profusely illustrated with scores of application agser AND 

drawings, weld diagrams, how-to-do-it sketches, etc. In 

addition, you will find page after page of tables contain- 

ing latest information on melting temperatures, tensile 

strengths, corrosion factors, nomenclature, alloy recom- 
mendations, etc. Convenient digest size. 1c 


WELDING ALLOYS 


| 


THIS PARTIAL LIST OF CONTENTS SHOWS THE 
WEALTH OF VALUABLE INFORMATION IN THIS : ° 
22 

Some firms have already started their re-tooling opera- 
Definition of Terms Technol eT tures of lication Joini ili 
Methods: Torch Telning; tndociion ‘ am the plenning stage. Regerdines of 
Inert Arc Joining © Recommendations of Types of Joint and Heating which stage YOU are in, it will pay you to start check- 
Methods ¢ Design Information: Square Butt Joint; Lap Joint; Flange Joint; s ing up NOW on the latest welding techniques and on 


Beveled Butt Joint; Fillet Weld; Overlay « Fluxing and Removal of Flux « h ate d “es P 
Inspection and Control! * Heat-treating of Welded Parts, and Welding of the many ways you can speed productive output while 


Heot-treated Parts. you cut production costs through a revision of your 
—AND SCORES MORE... INCLUDING sketches and data on welding al- welding designs-and techniques. Send for your FREE 


loys for use with: cast iron, all steels, stainless steel, copper, brass, 
bronze, nickel and its alloys, mognesium, aluminum, hard and machin- 3 copy of this helpful manual TODAY. 


able overlays, etc., etc., etc! 


¥ 


HOW 10 years of EUTECTIC’S continuing wel 


ing research have evolved radically new metal join- 
ing techniques and designs. ‘ 
: WHY over 67,000 plants throughout Americal 
specify genuine “EUTECTIC” for all their welding} 
alloy needs. 
WHICH of your present designs can be altered to 


take advantage of these new production method 


° 


EUTECTIC WELDING ALLOYS CORPORATION 
40 Worth Street, New York 13, N. Y. 
This new manual of yours sounds like a very helpful book. Send 


me a FREE copy with the understanding that there will be no cost 
or obligation now or later 


Signed 


Firm 


CLIP AND MAIL THIS COUPON TODAY 


EUTECTIC WELDING ALLOYS CORPORATION! Sate 


40 Worth Street New York 13, N.Y. 
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All the control you need—including accessories—is contained in the modern 
attractive cabinet. Combines all the advantages of standard components with the 
specialized details and refinements required for your work. Nonsynchronous con- 
trol is commonly required for welding standard steeis such as are used for auto- 
mobile bodies, stoves, furnaces, refrigerators, motors, etc. Here it is used for 
welding hinges to a steel window frame at Copco Steel and Engineering Company, 
Detroit, Michigan. 
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G-E nonsynchronous control for 


resistance welders has been 
simplified, price reduced about 
8 per cent. 


Only two relays as compored fo the previous six cut 
sequence time, mean faster operation. There is less 
wear, therefore, less maintenance required. The entire 
unit is more compact—tokes less space. Timing is now 


controlled electronically. 


General Electric development engineering and 
improved manufacturing methods have again resulted 
in lower prices, better operating methods for the 
user of resistance welders. This is an example of the 
continued efforts at General Electric to give you 
more precise control of this process. When you have 
resistance welding control problems, contact the 
nearest G-E sales engineer. You'll be sure of un- 
biased answers. You'll get the right control for the 
job. And when you order control specify General 
Electric. 

SEE ‘‘This is Resistance Welding”. 
General Electric's More Power to America four-color, 
sound motion picture covering every phase of this 
manufacturing process. Contains tips for improved 
production for operators of machines, design en- 
gineers, and supervisors. Contact your Resistance 
Welder manufacturer, Power Supplier, or the near- 
est G-E office. 
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EASY TO INSTALL— 


compact, factory assembled unit 
may be mounted on the side of 
the machine, floor, nearby wall, 
or balcony os space permits. 


EASY TO SERVICE— 

entire side of cabinet is a hinged 
door which opens to provide quick, 
easy servicing of circuit compo- 
nents, power tubes, and woter 
system. 


EASY TO OPERATE— 

control station usually foces oper- 
ator, but may be installed at the 
side of unit when mounted on ma- 
chine, or may be separate from 
unit if remote control is desired. 


Apparatus Dept., 


General Electric Co., Sec. A645-51 


Schenectady, New York 


Please send me supplement No. 1 Bulletin GEA-4726 on Nonsyn- 


chronous Welding Control 


i would like a showing of “This is Resistance Welding” 


NAME 


ADDRESS 
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Have you ever bought Yes 
products as a result of 
reading JOURNAL 
ads? 

Have you ever investi- 
gated a new process 

you saw in a JOUR- 
NAL ad? 


Mid-Southern District Meeting 

A meeting of the Mid-Southern District 
Officers was held in Tulsa, Okla. on July 
15th. There were a total of 38 individuals 
present, representing the Dallas, Denver, 
Houston, Kansas City, Oklahoma City, 
St. Louis, Tulsa and Wichita Sections. 


Present also were O. B. J. Fraser, Na- 
tional President of the Socrery; Howard 
N. Simms, National Director; R. L. 
Townsend, District Vice-President and A. 
E. Wisler, Distriet Vice-President elect. 

Each of the Sections outlined the suc- 
cesses and failures which they had had in 
the past year and exchanged suggestions 
as to how improvements could be made in 
the operations for the coming year. Several 
of the Sections had special membership 
plans. Others were concentrating on 
special program features. All stressed the 
need of giving particular attention to the 
retention of old members and the im- 
provement of meetings. 


Safety Congress 


The 38th National Safety Congress and 
Exposition, will be held Oct. 16-20, 1950 
in Chicago, Ill. Sessions on industrial 
safety scheduled for Stevens, Congress and 
Morrison hotels; traffic safety sessions at 
Congress Hotel; commercial vehicle, farm 
and home safety sessions at La Salle Hote! 
and school sessions at Morrison Hotel. 
For further information write R. L 
Forney, general secretary, National 
Safety Council, 425 N. Michigan Ave., 
Chicago 11, Ill. 


Delegates to the Mid-Southern District A.W.S. Meeting 


BECK 


Twenty-eight pages of 
easily found informa- 
tion, complete with 
factory model num- 
bers, replacement 
brush numbers, scaled 
illustrations of brushes 
listed, and all other 
necessary data. Here 
is a regular “ Encyclo- 
pedia” of Brush infor- 
mation covering all 
types ond makes of 
welding equipment. 


SEND FOR YOUR 
FREE COPY NOW! 


BECKER BROTHERS CARBON CO. 


3450 SOUTH 52nd AVE. 


CARB 


CICERO 50, ILL. 
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Society Activities and Related Events 


MOLDED CARBON and 


| 


Seldom can any material surpass 
carbon and graphite for practical 
solutions to problems involving fric- 
tion, high temperatures, corrosion, 
shaft sealing, and arcing 


Let This Booklet Help You! 

Write on company stationery for 
your copy of the Stackpole Carbon 
Specialties Book 40. Besides describ- 
ing dozens of Stackpole items, it 
contains interesting evidence of the 
amazing versatility of carbon and 
graphite in modern design and en- 
gineering. 


STACKPOLE CARBON COMPANY 
St. Marys, Penne, 
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new Weld-Air-Matic Control Unit. 
foot-control type welders can attain a 


production schedules. 


continuous, 8 to 10 hour daily schedules 


a four-way operating valve. 


the METAL SHOW @ 
new SHOW 


Visit 
and see ovr 


Recommended Practices for 
Metallizing 


Recommended Practices for Metallizing: 
Part IA Metallizing Shafts or Similar 
Objects and Part II Metallizing —Safety 
Recommendations, consisting of 22 pages, 
illus., and published by AMertcan WELD 
ING SOCIETY 

The first in a series of metallizing stand- 
ards to be issued by the American WeLp- 
ING Socrery has just been published. This 
standard, in two parts, covers all methods 
of surface preparation, metal-spraying 
procedures and finishing of sprayed metal 
shafts or similar objects and safety rec- 
ommendations to be followed in metal- 
lizing operations 

The preparation of this standard was 
prompted by the demands of industry for 
authoritative information which could be 
used as a guide in the increased applica- 
tions of metallizing today This first 
standard of the series makes it possible to 
select the most suitable procedures for 
different types of application 
vide information on the depth of undercut 
for different classes of services and dif- 
ferent sizes of shaft; weights and other 


Tables pro- 


properties of wire used for spraying; and 
suggested machine settings for the elec- 
tric bond method of surface preparation 
Also included is a formula for computing 
the rate of spraying 

Copies may be obtained at 75 cents 
each from the AMERICAN WELDING So- 
crety, 33 W. 39th St.. New York 18, 
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Chicago 
ROOM at 32 South Clinton St. 


@ Oct. 23 to 27 


The usual discounts of 25% to A and B 
members and 15% to C members will 


apply 
Resistance Welding Symposium 


Are you making resistance welded 
produc ts? Do vou spot weld aluminum or 
magnesium? Do you projection weld 
copper alloys? Do you resistance weld 
nickel and its alloys, or magnesium or 
mild steel or stainless steel? Do you spot 
or seam weld galvanized steel or some 
other type of coated steel? 

If your answer is ves to any of these 
questions—in short, if you have any 
interest in resistance welding you will 
want to accept this invitation to attend 
the Panel Discussion on Resistance Weld- 
ing at the A.W.S. Annual Meeting spon- 
sored by the A.W.S. Resistance Welding 
Committee 

This will be a session of discussion, not 
long papers. You will hear about the 
other feliow’s problems and how he solved 
them. You will be given an opportunity 
to discuss your own problems as well, 

Each subject will be opened with a few 
brief remarks by a man well qualified in 
that subject who will then conduct the 
High-speed movies will be 
shown The use of the Recommended 


discussion 


Practices for Resistance Welding will be 
discussed and suggestions considered for 


amplifying them to better meet your 


needs. 
Be sure to note the date and place 


Society Activities and Related Events 


Convert Rocker Arm Spot Welders 
to Fast Air Pressure Control 


Compact @ Low Cost @ Self Contained 
Eliminates old-fashioned foot control 


Step up spot welding capacity now with the 


One 


simple, easy installation and your present 


new 


peak of efficiency on continuous, full-load 
With machine after 
machine, Weld-Air-Matic units are achieving 
a high record of 10,000 welds per hour on 


Clamps to Upper Horn of Welder 
Weld-Air-Matic is one integral installation 
unit, complete with all accessories mounted 
on a strong, aluminum alloy casting. It pro- 
vides a feather-touch electric foot switch to 
control air pressures and energize oa coil on 


Take advantage now of up-to-date Weld- 
Air-Matic air pressure operation. Convert 
your present equipment. Achieve easier oper- 
ation, greater speed and accuracy in weld- 
ing without the cost of machine replacement. 


ROBT. W. HOFFMAN COMPANY, Inc. 


SWITCH TO SPEED WELDING 
with WELD-AIR-MATIC 
@ Three standard sizes available. 


®@ Operates on reduced air pressure of 15 
to 50 Ibs. 


Maximum stroke, 1'2” on size | welder, 
2” on size 2, 22” on size 3 


Used with any standard Weld Timer 


Requires minimum of 4 cubic feet air supply 
per minute—minimum 80 Ibs. line pressure 


Write today 


for complete details—learn all the facts on 
the savings possible NOW with Weld-Air- 
Matic! 


36 South Clinton Street 


Chicago 6, Illinois 


Vonday, Octobe 23, 1:30 P.M., Bal 
Tabarin Room, Hotel Sherman. Consult 
the full Annual Meeting Program printed 
elsewhere in this issue for further details 


Applied Welding Engineering 


The question “What is Welding Engi- 
neering?’ has aroused considerable dis- 
cussion recently There are Many concepts 
and opinions concerning the inter-relation- 
ship between the materials, design, work- 
manship (manufacturing) and inspection 
used in producing a product or structure 
which will satisfy the service conditions 
for which it is intended 

To provide for an interchange of ideas 
ind a gener i! discussion of the subject, 
the Technical Acitivities Committee of the 
Society is sponsoring « session on “Ap- 
plied Welding Engineering” at the A.W.S 
Annual Meeting on Tuesday, Oct. 24, at 
8:00 P.M. in the Bal Tabarin Room of the 
Hotel Sherman 

Following the presentation of a series of 
short papers, illustrated with slides and 
practical examples, presented by nation- 
ally recognized welding authorities there 
will be a general discussion of the subject 
from the floor. Further details of the pro- 
gram will be found in the full Annual Meet- 
ing Program elsewhere in this issue of the 
JOURNAL 

The time for this session has been 
selected so as not to conflict with any other 
Annual Meeting activities. Be sure to 
make a note of this session. You will 
surely want to attend! 


783 


| 
a 4 7 
3 
| 
| 
| | 
| 
f 
| | 


rue INDUSTRY 


Bausch & Lomb Named Tuf- 
Cote Distributor 


\ preparation for coating safety lenses 
to make them more resistant to welding 
splatter and emery pitting is now available 
to purchasers of Bausch & Lomb ophthal- 
mic lenses. 

The preparation, known as Tuf-Cote, 
has been made available through an ar- 
rangement effected by Bausch & Lomb and 
the Wallace Optical Co., Inc., of Detroit. 

Frederick J. Koeth, manager of Bausch 
& Lomb’s Protective Eyewear Division, 
announces that lenses treated with Tuf- 
Cote will be supplied by all Bausch & 
Lomb sales and service divisions and affili- 
ated offices. 

Tuf-Cote's effectiveness is d rived from 
its resilience, which cushions the impact of 
particles striking against lens surfaces and 
keeps them free from pits and seratches 
resulting from these and similar causes for 
a substantially longer period than is the 
case with untreated lenses. 

The process involves the patented appli- 
cation of a crystal-clear solution. Both 
surfaces may be treated if desired. The 
coating, Koeth stated, produces no distor- 
tion, does not discolor or peel off, and per- 
mits the same degree of vision as is afforded 
vy untreated lenses, thus preserving sur- 
face quality for much longer periods of 
time and contributing to economy and 
safety. Lenses can be recoated indefinitely 
so long as their surfaces are undamaged 

\ prescription lens of any curvature, 
Koeth said—from plano lenses up to cor- 
rections of plus or minus 15 diopters, with 
the single exception of Ultex K, segment 
side-—-can be treated successfully. The 
process is applied largely to safety glasses 
but may be used in the coating of conven- 
tional dresswear lenses as well. 


Method of Compiling Injury 
Rates 


Since 1937, the American Standard 
Method of Compiling Industrial Injury 
Rates, Z16.1, has been the recognized 
guide for all industries in compiling indus- 
trial injury rates. This code was last re- 
vised in 1945. Since then, it has attracted 
more and more attention throughout in- 
dustry. 

Sectional Committee Z16 which is re- 
sponsible for the drafting and revision of 
this Code has found, as the use of the code 
increased, that separate industries have 
different interpretations of the code re- 
quirements. Since these differences in 
interpretation result in lack of uniformity 
and comparability in injury rates, the 
committee feels every effort should be 
made to determine why these differences 
exist and how best to resolve them 

Sectional Committee Z16 is interested 
in obtaining information as to the methods 


784 


used in the welding industry in reporting 
injuries and compiling injury rates. They 
are especially desirous of knowing whether 
the methods used conform to American 
Standard Z16.1 and if not why deviations 
from this standard are deemed necessary. 
Questions or suggestions concerning the 
interpretation of any of the requirements 
of Code Z16.1 will be most welcome. 

Please send your information, sugges- 
tions or questions to H. B. Duffus, Chair- 
man A.S.A. Sectional Committee Z16, ¢/o 
Westinghouse Electric Corp., P. O. Box 
1017, Pittsburgh 30, Pa. If the compiling 
of injury rates is handled by a separate 
safety department in your company, will 
you call this matter to its attention. 


Milburn Returns to Welding 
Field 
One of the oldest brand names in the 
gas-welding industry is now actively on the 
market again as a result of the incorpora- 
tion of Alexander Milburn, Ine., 1231- 
1245 Ridgely St., Baltimore 30, Md. The 
new company will manufacture and 
market the famous Milburn line of oxy- 
acetylene cutting and welding apparatus, 
regulators for oxygen, acetylene and other 
gases, accessories and supplies and port- 
able carbide lamps. The Milburn name 
has been known throughout the gas-weld- 
ing industry since 1907. 
Since 1945, Milburn equipment has 


» been marketed by The Black Mfg. Co., 


Parkton, Md. 


Arthur B. Sonneborn Co. 
Moves Flint Office 


Arthur B. Sonneborn Co., Michigan and 
Northwestern Ohio representatives of 
National Electric Welding Machines Co. 
of Bay City, Mich., announces the re- 
moval of its Flint, Mich. offices to 314 
Paterson Bldg. Flint 3, Mich. Other 
offices of the company will remain at 631 
Fisher Bldg., Detroit; 1322 Grand Rapids 
National Bank Building, Grand Rapids; 
and Room 206, 1118 Madison Ave., 
Toledo, Ohio. 


Skilled Construction Men 
Needed 


Skilled construction men over the age of 
25 can still enlist in the Naval Reserve as 
Seabees and receive petty officer ratings 
equal to their civilian experience, the Navy 
has announced 

By joining the Seabee Volunteer Re- 
serve, older men in the construction trades 
not only will retain their rating when and 
if they are called to active duty, but they 
will also have reasonable assurance that 
they will be assigned to Naval Construc- 
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tion Battalions for high-speed building and 
defense of overseas bases. 

The same opportunity to join this 
standby Reserve no longer is available to 
men in the 19 to 25 age group because they 
have become subject to induction under 
the Selective Service Extension Act of 
1950 

Approximately 70,000 additional ex- 
perienced construction men are wanted in 
the Seabee Volunteer Reserve. This is 
considered the minimum number needed 
for a nucleous to develop the construction 
speed that would be required of the Seabees 
in case of full-scale war. 

The seven Seabee ratings open cover 
some 60 different civilian construction 
skills. These ratings are: builder, me- 
chanic, steelworker, utilities man, con- 
struction electrician, driver and surveyor 
Volunteers will be placed on inactive duty, 
with no drills or required meetings. They 
may be called to active duty when re- 
quired. 

Enlistment in the Volunteer Reserve is 
limited to men who have reached their 26th 
birthday but not their 45th. The upper 
age limit is extended in case of veterans to 
the same number of years beyond age 44 
as their previous military service. If this 
previous service has been with the naval 
service, volunteers will be accepted up to 
age 50'/: years, plus the number of years 
of naval service. 

Depending on the kind and amount of 
civilian experience, skilled construction 
men can expect to be rated at some point 
in the scale between Chief Petty Officer, 
with minimum active duty base pay of 
$198.45 per month, to Third Class Petty 
Officer, with a minimum of $117.60. Ad- 
ditional pay is given for dependents and 
for years of previous service. 

Those desiring to volunteer should get 
in touch with the Commanding Officer of 
any Organized Reserve Construction 
Battalion Company or Volunteer Con- 
struction Battion Reserve Unit. These 
are located in more than 300 principal 
cities throughout the country Applica- 
tion also can be made at any Naval Re- 
eruiting Station 


Radiographic Testing 
Recommendations 


All persons interested in radiographic 
testing are invited to submit criticism and 
comments on a new Recommended Prac- 
tice for Radiographic Testing which has 
been developed after intensive work by 
the committee of the American Society for 
Testing Materials responsible for such 
work, namely Committee E-7 on Non- 
destructive Testing. The project is 
handled in Subcommittee I on Radio- 
graphic Procedures. 
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The proposed recommended practice is 
an expansion of material formerly in- 
cluded in the now withdrawn methods of 
radiographic testing E-15. 

At its session during the A.S.T.M. 
Annual Meeting in June, Committee E-7 
voted that the new document should be 
distributed for criticism, and copies are 
now available from A.S.T.M. Headquar- 
ters at 50 cents each. The proposed Re- 
commended Practice has been duplicated 
and covers 27 pages. 

The subject matter of the proposed 
recommendations is divided as follows: 
Part I. Equipment and Calibration 
Part II. Exposure Factors and Arrange- 
ments of Parts; Part LII. Protection and 
Care of Films; Part IV. Processing Films 
and Viewing Radiographs and Part V. 
Records, Reports, and Identification of 
Accepted Material. 

An effort has been made to include 
specific instructions for carrying out the 
various steps of the radiographic process 
according to the best practice but without 
the usual explanatory material which is 
found in the literature 
recognized at the start, however, that it 
could easily overlook features which might 
be important or include unimportant 
material. Accordingly, it requests that 
readers submit constructive 
All persons interested in industrial radi- 
ography are urged to obtain this pamphlet 
by writing directly to A.S.T.M. Head- 
quarters, 1916 Race St., Philadelphia 3, 
Pa. Criticisms should be addressed to the 
Chairman of the Subcommittee, Dr. H. } 


The subcommittee 


criticism 


IN 


Seeman, Research Laboratory, Eastman 
Kodak Co., Kodak Park, Rochester 4, 
N. Y. To receive consideration for the 
first revision, comments must be in by 
Oct. 16, 1950. 


From Shape Cutting to 
Shape Welding 


The versatility of the Airco 6A Oxy- 
graph, a pantagraph-type oxyacetylene 


cutting machine, was thoroughly tested 
recently when the machine was pressed 
into service as a shape-welding unit 

Peters-Dalton, Inc. of Detroit, Mich., 
dismounted the cutting torch, replacing it 
with a Heliweld machine holder and pro- 
ceeded to use the unit to shape-weld ends 
for a 16-gage, Type 304 stainless steel con- 
veyor-type dishwasher they are now man- 
ufacturing 

Another interesting feature of this opera- 
tion is the materials handling operation 


Hobart Brothers Compar 
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The International Nickel Co 
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PROVE IT TO YOURSELF—TEST ANY ONE OF THESE 4 BASIC ITEMS 


> Rugged, performance-proved GX Welding Torch 


Typical of REGO quality is this widely preferred Welding Torch. 
Stronger than steel, lighter than brass, the unique GX handle has no 
tubes, screws or soldered joints. Stainless steel head further guaran- 
tees long life. Four handle lengths and a broad variety of free-flow 
mixers and tips fit the GX to any welding job, regardless of size. 


vy Dependable, gas-saving KX Cutting Torch 


Thousands of industrial plants, scrap yards, railroads and shops 
have relied exclusively on this torch for years. Stainless steel head 
and triangular tube construction make the KX tough and durable. 
Diaphragm-type valve prevents leaks, provides sensitive control. 
Tip-mixing stops flash-backs. Available with lever on bottom or 
side, and with 75° or 90° heads. 


fs Precise, balanced-action Two-Stage RegOlator 


The regulator that has won fame for accurate delivery of all types of 
industrial gases! Its two stages combine stem-type and nozzle-type 
design to assure delivery of unvarying working pressures. Running 
back and forth from work to regulators for adjustments is elimi- 
nated. A point-by-point comparison will quickly establish the excel- 
lence of the REGO RegOlator. 


Redesigned, improved REGO Economizer 


This time-proven money-saver is even more efficient now. New 90° 
lever permits welding torch to hang with tip toward pilot flame. New 
pilot is aspirator type, providing longer and more stable flame. To 
relight the torch at its previous flame setting, just lift from lever 
hook ; to extinguish, replace on hook. This is the automatic shut-off 
that has saved innumerable hours of welding production time. 


NATIONAL CYLINDER GAS COMPANY 

2 858 N. Michigan Ave., Chicago 11, Il. You OWE IT TO THE 
Rush me catalog and price list on REGO Outfits and Apparatus, : 

for welding and cutting 


NAME POSITION EVERYTHING FOR WELDING 
ee NATIONAL CYLINDER GAS COMPANY 
Executive Offices: 858 North Michigan Avenue 
STATE, Chicago 11, Illinois 


Copr. 1950, National Cylinder Gas Co. *T7. M. of the B. B. Co., Chicago 
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involved. In order to have the washer end 
at the proper height for welding, it was 
necessary to prepare a pit into which the 
washer units are lowered end down. After 
the first end is welded, the unit is reversed 
and the other end is welded. Using a 
magnetic tracing device, the welding speed 
achieved is 35 in. per minute. 


Automatic Welding 
18-8 Stainless 


To fabricate J47 turbo-jet components 
at high-production speeds and with uni- 
formly good quality welds, the Solar Air- 
craft Co. of San Diego, Calif. has set up a 
production line in which automatic-hidden 
are welding is used. The 18-8 stainless 
steel parts are welded with a standard 
automatic head manufactured by The 
Lincoln Electric Co. of Cleveland, Ohio, 
using an 18-8 type filler wire 

Excellent results are obtained with the 
welding technique worked out, involving 
rigidly controlled high heat inputs and 
rigid fixtures to maintain accurate align- 
ment of parts. The fixture is mounted on 
a rotating positioner which revolves the 
work under the welding head 


Unionmelt Welding of 
Odd-Cylindrical Shape 


Girth welds on the cylindrical portion of 
a hot-air furnace are made on both ends at 
once by Unionmelt welding and use of the 
roll-over fixture illustrated in the photo- 
graph Engineers at Kalamazoo Stove 
Co., Kalamazoo, Mich., working in con- 
junction with engineers of The Linde Air 
products Co., were able to mechanize prac- 
tically the entire welding operations and 
thus cut handling costs and boost pro- 
duction. 

The roll-over fixture was made by oxy- 
gen cutting two large circular plates 
Cutouts were made to fit the shape of the 
air furnace. Braces and supports tie the 
two pieces together. The fixture is easy to 
load and unload because sections of the 
wheels are hinged 

Two Unionmelt welding heads are 
The one 
at the right (see illustration ) makes a con- 
tinuous weld through the flanged-ash 


placed on stationary pedestals 


bottom, joining it to the shell of the fur- 
nace. The Unionmelt head at the left is 
idjusted at the top of the cylinder and 
makes an outside weid—joining the top of 
the furnace to the shell. The fixture is 
placed on motor-driven rolls and turns at 
the proper welding speed 

Frequently, a complex shape-welding 
job can be broken down into two or more 
simple operations. By using this fixture 
and breaking down the complex welds into 
simple straight-line and girth welds this 
fabricator was able to take advantage of 
the high-speed, high-quality features of 
Unionmelt welding and also to double the 
advantage by welding both ends of the 
furnace simultaneously 
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futomatic Welding 18-8 Stainless 


Swift Appoints Indianapolis 
Firm as Representative 


The Swift Electric Welder Co., 8095 
Livernois, Detroit 4, Mich. has announced 
the appointment of the Indianapolis 
Machinery & Supply Co. of 1959 South 
Meridan St., Indianapolis as distributors 
and representatives for Indiana and 
Southern Illinois. 


Top and bottom of hot-air furnace are automatically welded simul- 


Welding Course 


Automatic submerged are welding, 


wrinkle bending and other phases of the 


modern torehman’s art were described and 
demonstrated to more than 100 short 
coursers at a three-day school closing at 
California State Polytechnic College’s San 
Luis Obispo campus June 23rd 

Held at instance of the trade, the Cal 


taneously by Unionmelt welding with this roll-over fixture 


News of the Industry 


787 


sf 
y 
bow 


Poly short course attracted welding em- 
ployees, executives and instructors from 
throughout the state and Chairman R. C. 
Wiley said plans already are under way for 
another similar course next summer. The 
California State Commission for Voca- 
tional Education was co-sponsor. 

Trade figures participating as lecturers 
and instructors included: Russell H. 
Rhoades, The Linde Air Products Co., San 
Francisco; Lee Reay and A. H. Butler, 
Linde men from Los Angeles; H. R. 
Strickland, Haynes Stellite Co., San 
Francisco; Carl Geiger, Air Reduction 
Pacific Co., Los Angeles; K. V. Lutz, All- 
State Welding Alloys Co., San Jose; R. J. 
Lafferty, Handy and Harman Co., Los 
Angeles; A. R. Wynn, Harnischfeger Corp., 
Los Angeles. 

Demonstrations included uses of the 
oxyacetylene flame for braze welding, hard 
surfacing, flame hardening, wrinkle bend- 
ing, heating and forming and machine 
flame cutting. There were other demon- 
strations in handling methods, industrial 
safety, are welding training for casual 
users, automatic submerged-are welding, 
low-temperature brazing alloys, high fre- 
quency inert-gas-shielded-arc-welding 
and low-temperature brazing. 

Most popular part of the program, how- 
ever, was the late afternoon and evening 
practice and experiment time when Cal 
Poly’s extensive welding shops were 
thrown open to use by short coursers under 
supervision of visiting trade men and Cal 
Poly instructors 


Hot Radiography 


Sam Tour & Co., Ine. of 44 Trinity 
Place, New York City announce having 
contracted for the exclusive license to use 
and to sublicense the use of the MeElroy- 
MeNutt Process of Hot Radiography. 
Using this process, successful radiographs 
have been obtained while the metal being 
examined was at 900° F, 

No longer is it necessary to wait until 
the metal cools down before it can be 
radiographed 

It is possible to radiograph during inter- 
mediate stages of welding without delays 
due to stress reliev ing and slow cooling. 
Better weld inspection together with a 
time saving is made possible by this proc- 

The utmost in safety to personnel and 
to equipment is necessary in connection 
with the pressure vessels used in power 
plants, oil refineries and synthetic chemi- 
eal manufacturing plants. In these in- 
stallations, where metals are joined by 
welding, stringent radiographic inspec- 
tion is necessary. Hot radiography is the 
most efficient method yet developed for 
these installations. Many hours of con- 
struction time are saved, 


Seventh Western Metal Show in 
Oakland Week of March 19th, 
1950 


The Oakland, Calif., Civie Auditoriums 
will be the seene of the 1951 Western 
Metal Congress and Exposition, March 
19-23, the seventh to be held in the inter- 
ests of the Western metal-working indus- 
tries. 


Management of the Western Metal 
Show will again be under the direction of 
William H. Eisenman, National Secre- 
tary of the American Society for Metals, 
sponsors of the event. Co-sponsoring the 
Congress activities will be approximately 
20 cooperating technical societies whose 
interests apply to the oil, chemical, manu- 
facturing, aviation, mining and other 
Western industries. 

Heading the general committee of the 
1951 Metal Congress and Exposition is 
Harry Lewis, Chairman of the Golden 
Gate Chapter of the American Society for 
Metals. Vice-Chairmen Bert Depew, 
General Electric; Philip McCaffery, 
General Metals Corp. and E. A. Daniels, 
Victor Equipment Co. (representing the 


. AMerIcAN Wetptne Socrety), will share 


responsibilities with the committee’s gen- 
eral secretary, Harry E. Krayenbuhl, 
Oliver United Filters, Inc. 

Professor Earl R. Parker, University of 
California, will direct programming, and 
W. A. Fletcher, E. F. Houghton & Co., will 
handle publicity. On the committee for 
exhibits is G. B. Berlien, Industrial Steel 
Treating Co., with Paul G. Childs, Earle 
M. Jorgensen Co., in charge of entertain- 
ment and George A. Nelson, Shell De- 
velopment, in charge of cooperating So- 
cieties. 

Other committee members include Guy 
M. Winton, Allegheny Ludlum, for at- 
tendance; Tom Hutton, Thomas H. 
Hutton & Son, for Information and Regis- 
tration; Charles Blesch, Natural Gas 
Equipment Co., for Housing and Fred I, 
Donlevy, Caterpillar Tractor Co., for 
Plant Inspection. 

The big event in March next will mark 
the second time that Oakland has played 
host to the thousands of metallurgists, 
engineers, production executives and man- 
agement officials whose activities and tal- 
ents have built within the eleven Western 
States one of the greatest metals produc- 
ing and metals fabricating areas in the 
world. Those who recall the outstanding 
success of the Oakland meeting in 1947 
may well expect an even greater Congress 
and Exposition in 1951 because of both 
the growth of the industry and the added 
strategic importance of the area in connec- 
tion with National security. 


1951 and 1952 Meetings A.S.T.M. 


Announcement is made of the national 
meetings of the American Society for 
Testing Materials, for 1951 and 1952, as 
follows: 


1951 A.S.T.M. Spring Meeting and 
Committee Week 
Cincinnati, Ohio 
March 5 to 9, inclusive 
1951 A\S.T.M. Annual Meeting 
Atlantic City, N. J. 
June 18 to 22, inclusive 


1952 AS.T.M. Spring Meeting and 
Committee Week 
Cleveland, Ohio 
March 3 to 7, inclusive (probably } 
1952 A.S.T.M. Annual Meeting 
New York, N. Y. 
June 23 to 27, inclusive 


Vews of the Industry 


These men are 
working for you 


keen-minded Solid, wiry JOHN W 

GREEN, Sales Manager 
of Tube Turns’ Fittings 
President Division, arrives in New 
Sales Manager, ' York for confab with 
sensitive finger on the Eastern representatives, 
pulse of your piping needs 


¥ 

Rangy, quick-smiling JOHN E. CHUMBLEY, 
THOMAS H. PIKE, slender, young!is! 
Manager of Tube Turns 
Forgings Division, makes 
Division, awaits flight cal frequent field trips that 
for personal ct pay off in better products, 
West Coast piping picture faster service. 


h Sales 


OST travel-minded group of American 

businessmen today are sales execu- 
tives. Covering millions of air, rail, and 
highway miles each year, these modern 
Marco Polos have chucked the Ivory Tower 
attitude of their predecessors 

Like many another sales management 
team, John Seiler, Jack Green, Tom Pike 
and John Chumbley look upon service as 
the father of sales. “Our customers are smart,” 
confides Seiler. “They don't just 44), they 
discriminate! Field trips are the best way | 
know to find out how we can serve them 
better. It takes plenty of leg work in this 
business. Your customer can usually give you 
some pretty solid ideas on product improve- 
ment. We've prospered because we listen to 
what he says in person.” 

Some 2200 distributor salesmen, the sales- 
engineering staffs of Tube Turns’ 8 district 
ofices, and the finest group of piping tech- 
nicians in the industry, follow this customer 
service policy to the letter. Results: Tube- 
Turn welding fittings and flanges are the 
best in the company's history; Tube Turns’ 
customers get qualified help in utilizing its 
products more and more profitably 


“Be Sure You See The Double tt” 


TUBE TURNS, INC. 


LOUISVILLE 1, KENTUCKY 
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TUBE TURNS, INC., LOUISVILLE KEN TUCK Y au PRINCIPAL CITIES 


DISTRICT OFFICES: NEW YORK + PHILADELPHIA + PITTSBURGH + CHICAGO + HOUSTON «+ TULSA + SAN FRANCISCO + LOS ANGELES 
In Canada ...Tube Turns of Canada Limited, Chatham, Ontario 


EK. H. Ewertz 


Ata meeting of the Executive Committee 
of the AMertcan WeLbiNG Soctery, held in 
New York on Friday, June 7, 1950, the 


following Resolution was unanimously 
adopted: 
"The American WELDING Sociery was 


shocked and grieved to learn of the passing 
on April 26th of one of its members, E. H. 

Mr. Ewertz was one of the founders of 
the Socrery and was a member of its pred- 
ecessor, the Emergency Fleet Welding 
Committee. He was for years on the 
Board of Directors of the Socrery, and 
became its President in 1924. In his many 
years of service in the Socrery he prob- 
ably accomplished more than any other 
man before or since. 

Mr. E\wertz endeared himself to all who 
knew him and his passing leaves a large 
void 

“Therefore, the American WELDING 
Sociery, by this Resolution, gratefully ac- 
knowledges his constructive and valuable 
contributions of time and knowledge and 
expresses its sincere sympathy to the 
members of his family and to his company 
associates. 


Membership of Resolution Committee: 
J. H. Deppeler 

DD. Arnott 

A. G. Oehler 


OBITUARY 


Arthur E. Gaynor 


Onee again the grim reaper has struck 
and cut down one of the Founder Members 
of the American Soctery. 
Arthur I. Gaynor died on May 24, 1950 at 
the age of 72 in the Orange Memorial Hos- 
pital, Orange, N. J 

Arthur EF. Gaynor joined the John A. 
Roebling’s Sons Co. in 1903. His un- 
usual abilities were duly recognized and he 
rose steadily in the Roebling Co., becom- 
ing Assistant Manager of the New York 
Branch in 1934. In 1937 he was made 
Branch Manager and retired Dec. 31, 
1944, Since that time he has been engaged 
in various personal enterprises as his in- 
terests covered a wide range including 
fisheries, farming and the like. He con- 
tinued to serve the Roebling Co. from time 
to time on special tasks 

When the New York Section of the 
AMERICAN WELDING Soctery was formed 
in 1920 Arthur became «a member of the 
Executive Committee and served in that 
capacity until 1933 He was elected 
Secretary-Treasurer of the Section, serving 
from 1920 to 1923. In 1925 he became 
Chairman of the Section 
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Arthur 
made him a host of friends and his general 
ability attracted attention in the national 


Gaynor’s) warm personality 


affairs of the Soctery. He became a mem- 
ber of the National Board of Directors in 
1925 and continued such service for a 15- 
vear period. He was elected Senior Vice- 
President of the Socrery in 1928 and 
served in that capacity until 1930. He de- 
clined the Presidency of the Soctety as he 
was a modest individual and thought that 
the affairs of the Society could be better 
handled if the Soctery would select some 
outstanding industrialist for the office of 
President. However, once more in 1932 he 
was elected Senior Vice-President of the 
Soctery. Time and again Mr. Gaynor 
was called to serve as a member or Chair- 
man of some committee of the Soctrery. 
He rendered outstanding service on the 
Finance Committee of the Soctery and as 
Chairman of the Membership Committee. 
Arthur resided in East Orange, N. J. He 
was never married. He was a member of 
the Society of Naval Architects and 
Marine Engineers, Engineers’ Club, the 
Downtown Athletic Club and a 32nd De- 
gree Mason, Hope Lodge, East Orange. 


OBITUARY 
Frank A. Bond 


Frank A. Bond, of Pittsburgh, Pa., died 
of a heart attack on Monday, July 3rd, at 
his summer home in Erie, Pa. Born Oct. 
9, 1883, he was a native of Pittsburgh. 

Mr. Bond, Vice-President and Secretary 
of The MeKay Co., chain manufacturers, 
was prominent in the Chain Industry for a 
great many years. He became associated 
with the Standard Chain Co. in 1905 and 
later, during World War I, organized and 
formed the National Chain Co. of Marietta 
Ohio. He joined the MeKay Co. in 1919, 


Personnel 


where he held the position of Executive 
Vice-President and Secretary. 

Mr. Bond was active in the American 
Institute of Mining and Metallurgical 
Engineers; AMERICAN WELDING Soctery; 
American Society for Testing Materials; 
American Society for Metals; Society of 
Automotive Engineers; American Supply 
and Machinery Manufacturers Associa- 
tion; American Hardware Manufacturers 
Association and The National Wholesale 
Hardware Association, and the Southern 
Wholesale Hardware Association. 

He leaves his wife, Leila Stokey Bond; 
a son, Donald A.; a daughter, Mrs 
Joseph 8. Preston and three grandchildren 


Precision Welder & Machine Co. 
Names New Personnel in Sales 


Robert Greer, former resistance welding 
engineer for Welding Engineering Sales 
Corp. and Carrier Corp., has been ap- 
pointed District Representative for New 
York State outside of Metropolitan New 
York for Precision Welder & Machine 
Co., Cincinnati, Ohio. Mr. Greer will be 
located at 116 South Salina St., Syracuse, 
A 

William Mumford, former 
Welding Engineer for Lincoln 
Division of Ford Motor Co., 
pointed Engineer for 
Welder and Machine Co., with 
quarters at Cincinnati. 

Both are members of the 
WELDING Soctery 


assistant 
Mercury 
has been ap- 
Sales Precision 


head- 


AMERICAN 


Sciaky Promotions 


George Palmer, former Dayton, Ohio 
Branch Manager, transferred to Chicago 
and western territory with Jerome Pinsky, 
Jack Graux and Lyle Noteboom assisting 
as Application Sales Engineers 

George Zeis was transferred from the 
Dayton branch to Chicago to function as 
coordinator between all sales offices, engi- 
neering and manufacturing. 


Both are members of the AMERICAN 


WELDING Society. 
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5125 and 7 weeks saved, 
thanks to NI-ROD repair 
of cast iron speed reducer 


When a mishap all but destroyed a vital coil-vat speed reducer, maintenance 
men of the M & R Dietetic Laboratories were faced with a serious problem. 


A new speed reducer cost 135 dollars and would take 8 weeks to be 
delivered. Repairing the unit would require only a week, but the 
damage was so extensive that success seemed doubtful. Yet, there 
was so much to be gained that they decided to take the gamble. 


The shattered speed reducer was sent to M & R’s welding 
shop, where ... using Ni-Rod® electrodes ... their welding 
technicians succeeded in assembling the broken pieces. 


Coil-vat speed reducer 

repaired with Ni-Rod at 

M & R Dietetic Laboratories, 
Columbus, Ohio. 


The cost of the repair, including labor, was only 10 dollars, 
and the time required was 1 week. This represented a net 
saving of 125 dollars and 7 weeks down time, A highly 
profitable operation, indeed! 


Experiences such as this... of time and money saved in 
welding cast iron with Ni-Rod electrodes... are daily 
occurrences at thousands of welding shops throughout the 
nation. The reason for Ni-Rod’s popularity with these 
experienced welders is dependability. With Ni-Rod electrodes 


you get quick, sound, machinable welds in all grades of 
cast iron... usually without preheating or postheating. 
Ni-Rod works well in all positions; can be used with either 
AC or DC current. 


The best way to find out about Ni-Rod’s many 
advantages is to try it. Order a package today and 
discover for yourself why 4 out of 5 shops re-order 
Ni-Rod, once they have tried it. 


Your nearest INCO distributor For welds youve never been able 
stocks Ni-Rod in 3 32”, 1 8’,5/32”, to make before ...in high- 
16” diameters. phosphorous irons; heavy sections— 


NI-ROD “55” 


and 3 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 
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Charles W. Bryan Elected 
Head of Pullman-Standard 


The election of Charles W. Bryan, Jr., of 
New York City as president of Pullman- 
Standard Car Mfg. Co., was announced 
recently by Champ Carry, president 
fo Pullman Ine. Pullman-Standard is the 
railway carbuilding subsidiary of Pullman 
Ine. 


Bryan was formerly associated with 
Federal Shipbuilding and Dry Dock Co., 
of which he was vice-president and general 
manager in 1948 when its Kearny shipyard 
was sold to the United States Navy. Ina 
progressive series of supervisory and exec- 
utive positions with the shipbuilding 
company, he was active for many years 
in a wide variety of engineering, contract- 
ing and construction work involved in the 
plant and products of that organization. 

In 1949, Bryan was loaned to the 
economic Cooperation Administration 
and served in Italy with an ECA mission 
as consultant on shipbuilding and shipping 
matters. He also has been an active par- 
ticipant in the affairs of the American 
Society of Civil Engineers, the AMERICAN 
WeLpiInG Socrery, the Society of Naval 
Architects and Marine Engineers and 
other technical organizations. 

Carry, who was formerly president of 
Pullman-Standard, will continue to be 
associated directly with the company as 
chairman of its board of directors, and 
will continue as president and chief exec- 
utive officer of Pullman Ine. 


Kaufman Made Sales Manager 


On July 1, 1950, The McKay Co. of 
Pittsburgh, Pa.. manufacturers of com- 
mercial and industrial chains, are-welding 
electrodes and chemical products, an- 
nounced the appointment of Fred A. 
Kaufman as General Sales Manager. Mr. 
Kaufman succeeds Fred C. Smith who on 
the above date assumes the position of 
Special Assistant to the President, J. C 
MeKay. 
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Mr. Kaufman has been with The Me- 
Kay Co. for a number of years. Immedi- 
ately after his graduation from college as a 
Metallurgical Engineer, he was associated 
with Carnegie-Lllinois Corp., Pittsburgh, 
Pa. He later joined the organization of 
Crown Can Co., Philadelphia, Pa., as 
Plant Metallurgist. His first association 
with The McKay Co. was in 1943 when he 
joined the MeKay Research Fellowship at 
Mellon Institute of Industrial Research. 
Since then, he has successively been in 
charge of Technical Service and Research 
and Quality Control at the York, Pa. 
plant. For the past year and a half Mr. 
Kaufman has been Sales Manager of The 
MeKay Co.'s Are Welding Electrode Divi- 
sion located in Pittsburgh, Pa. In his 
new position as General Sales Manager, 
Mr. Kaufman will continue to have charge 
of the sales of McKay Are Welding Elec- 
trodes, as well as the complete line of Me 
Kay cHain and chemical products. 

Mr. Kaufman is a member of the 
AMERICAN WELDING Soctery. 


Radcliffe Joins Reid-Avery 


EE. E. Radcliffe is now associated with 
the Reid Avery Co., Ine., Dundalk, Balti- 
more 22, Md., as a Specialist on Sub- 
merged Melt Welding. 

Mr. Radcliffe was formerly with the 
Unionmelt Division of the Union Carbide 
and Carbon Corp., for many years. 


R. F. Johnson Gets New Post 
at Pullman-Standard 


The appointment of Roy F. Johnson as 
manager of the sales and service engineer- 
ing division of Pullman-Standard Car Mfg. 
Co., was announced today by T. P. Gorter, 
vice-president in charge of sales for the 
company. 

As manager of the new division, Mr. 
Johnson will serve as liaison for the sales 
department of Pullman-Standard with the 
shops, production engineering and re- 
search. This division also will carry on the 
customer field service heretofore con- 
ducted by the research department. 


Personnel 


Just Published! —~ 


An A to Z treatment 
of resistance welding } 


which points the way to big] 


savings and increased production } 


EFLECTING the ex- 
perience of hundreds 
of leading shops, this book 
points the way to the design 
and production of more 
efficient metal-made prod- 
ucts. It gives you a complete 
picture of resistance weld- 
ing—what it is; the equip- 
ment and materials used; 
the design, tooling, and 
production techriques that 
afiord big savings in mate- 
rials, costs, manpower, etc 
Spotlighting modern de- 
velopments and methods, 
it shows you thousands of dollars in cost savings 


RESISTANCE 
WELDING 


Designing, Tooling, and Applications 
By Wallace A. Stanley 
Consultant on Product Design, Tooling, and 


Manufacturing Operations, Progressive Welder Compan) 
Jetroit 


329 pages, 792 illustrations, 8\oxl1, $7.50 


HIS book brings you valuable shop and tooling 
“know-how” that you can apply in planning anc 
developing products for resistance welding. It explains 
how to design for spot welding, projection welding 
seam welding, and 

flash butt welding 

and discusses tooling 


Provides practical infor- 
mation on the HOW 
and WHY of: 

indexing mechanisms 
* low-temperature join- 
e bene welds in tension 
® shuttle-action welding 


handling, and mate- 


rials control for vari- 
ous Operations 

792 photographs 
and line drawings 
picture tools, 
methods, and pro- 


cedures which have 


machines resulted in tremen- 
* multistation welding dous savings in the 
machines fabricating indus 
® portable welding tries Combined 
equipment with the book's clear 


rotary-indexing weld- 

| ers for multi-angle 
welding heads 

* dies and clamps for 

| butt and flash butt a manual of prac 

welders tical informatior 

hydromatic spot-w eld- and process data tha 

ing machines reflects the best prac 


easy-to-read = expla 
nations and descrip 
tions, they make uf 


© welding dissimilar tice in the field 

metals You'll find in this 
* the secondary “loop” book simple but com 
* “push-pull” welds plete treatment 


® seam-welder drives 
® destructive evaluation 


hundreds of topics 
from tooling and fix 


teste tures, to sequence 
rivets versus spot welds—from stand 
welds 


ard ups and holders 
to general considera 
tions—from tensior 


*importance of water 
deflector tubes 
engineering specifica- 


tions, etc., ete tests, to spot welding 


applications 


AMERICAN WELDING SOCIETY 


33 West 39th Street 
New York, 18, N.Y. 
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Wire in special 


thread-wound coils 
for submerged 
arc welding 


RANDLE whe CARE REEF Grades Regularly in Stock 
RACO” Mild Steel 
“RACO” High Tensile 
“RACO” High Mang 
“RACO” High Mang-Moly 
Furnished in all standard size thread-wound coils. 


You profit by these RACO extras: Rigidly inspected high quality steel. Beautiful bright 
copper coating. All coils uniformly thread-wound and uniform in weight, width, inside and 
outside diameters to fit your reels. Thread-winding and prebent controlled curvature 
eliminates unwinding entanglements, waves, kinks. Assures deposition only in welding vee. 
Assures uninterrupted production. 


Wire is drawn, copper coated, and mechanically thread-wound in one continuous operation 
immediately preceding shipment, on machines specially developed by us. 


RACO coils are packed and sealed in heavy cartons, and palletized to prevent damage 
in transit, improper stacking or torn wrappers which result in rust and dirt. Coils are not 
distorted out of shape by rough handling. Steel-strapped palletized unit-shipments prevent 
mixing with other consignments at transfer terminals while en route; avoid filing of claims, 
etc. Fifty-six 25-pound coils, twenty-eight 75-pound coils, eight 150-pound coils per unit 
pallet at no extra cost to you. 

Our special packing and shipping methods reduce your handling, disbursement, and 
storekeeping costs. Save storage space. Provide easy identification as to type and diameter 
of wire. Our superior quality and coiling assures superior welds and reduces cost per 
pound of deposited metal. 


Ji: REID-AVERY COMPANY 


INCORPORATED 
DUNDALK BALTIMORE 22 MARYLAND 


It is the sales policy of The Reid-Avery Company, Inc., to ° Members of THE AMERICAN WELDING SOCIETY 
market our products exclusively through distributors and agents. and THE NATIONAL WELDING SUPPLY ASSOCIATION 
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For gas shielded or - 
submerged metal arc 


Specialists in Stainless, Low Alloy and Non-Ferrous Electrodes 


Personnel 


Sawyer Promoted 


Effective July 1, 1950, A.-W. Sawyer 
was appointed Assistant to the Vice-Presi- 
dent of The Lincoln Electrie Co. of Cleve- 
land, Ohio. Sawyer is a graduate of Cor- 
nell University where he received his de- 
gree in Mechanical Engineering. He had 
been previously employed by Bell Aircraft 
of Buffalo. 

Sawyer joined Lincoln after his gradua- 
tion from Cornell and worked in the fac- 
tory as a Methods Engineer. Prior to his 
present appointment he was in charge of 
development and production of welding 
instruction aids. In his present position 
Sawyer will handle government bids and 
contracts and also conduct Lincoln's edu- 
cational activities. 

A. W. Sawyer is a member of the 
AMERICAN WELDING Soctery and at Cor- 
nell he was elected to the senior honorary 
society, Sphinx Head. 


Tesmen Joins Tempil 


Tempil°® Corp. announces the appoint- 
ment of Arthur B. Tesmen as Sales Engi- 
neer. 


Tempel® customers and distributors who 
encounter problems in temperature deter- 
mination and temperature control will be 
able to avail themselves of Mr. Tesmen’s 
excellent background and experience in 
metallurgy as well as welding procedures 

Before joining Tempil° Corp. Mr. Tes- 
men was with North American Philips Co., 
Inc. in charge of Sales-service, promotion 
and development of their Contact Elee- 
trodes and other welding products. Prior 
to that he was with Crucible Steel Co. of 
America as Metallurgical Engineer and 
with the Industrial Laboratory of the 
Philadelphia Navy Yard as a Welding En- 
gineer 

Mr. Tesmen graduated from the Uni- 
versity of Michigan in 1939 with a B.S. de- 
gree in metallurgical engineering and did 
postgraduate work in metallurgy at Lehigh 
University. He is a member of the AMERI- 
caN Sociery, the American 
Society for Metals and the American 
Institute of Mining and Metallurgical 
Engineers 
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ARC 


—stable even at very 
low amperage 


SLAG 


—clean, easily removed 


COATING 


—resists cracking down to 
very short stubs 


SELECTION 


—complete line for welding every 
type of stainless 


DELIVERY 


—prompt from warehouses in Chicago, Denver, Houston, 
Philadelphia, San Francisco and the factory 
at Monessen, Pa. 


Philadelphia, Portland, San Francisco, Bridgeport, Conn. 


ACcC¢co Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Los Angeles, New York, 


EE STEEL AND WIRE DIVISION 
AMERICAN CHAIN CABLE 
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Welding Copper 


Reprints of Chapter 31 from the Weld- 
Handbook (published by the AMERICAN 
WELDING Society) covering the welding of 
copper and copper alloys are available. 

This chapter includes the joining of 
these materials by the various welding 
processes. Information contained is up- 
to-date and can be considered as authori- 
tative reference data. 

Copies will be furnished gratis by 
Ampeo Metal, Inc., 1745 8. 38 St., Mil- 
waukee 46, Wis. 


A.S.T.M. Specification for Steel 
Flat Products 


This new compilation of A.S.T.M. 
Standards, dated March 1950, includes 39 
specifications for steel flat products: plate, 
sheet, strip and related materials. The 
materials covered are widely used for 
structural purposes, and for boiler and 
pressure vessels, For convenience, a 
number of the standards relating to stain- 
less steel, wrought iron and metallic- 
coated sheets are given also. 

These specifications are reprinted in the 
compilation, from the 1949 Book of A.S 
7.M. Standards, to provide in convenient 
compact form, for those interested, the 
standards on flat-steel products. 

The 204-page book, in heavy paper 
cover, can be obtained from Headquarters 
of American Society for Testing Materials, 
1916 Race St., Philadelphia 3, Pa., at 
$2.25 each. 


Resistance Welding 


Resistance Welding-—Designing, Tooling, 
and Applications, by Wallace A. Stanley, 
Consulting on Product Design Tooling, 
and Manufacturing Operations. Progres- 
sive Welder Co., Detroit, Mich. Price 
$7.50. Published by MeGraw-Hill Book 
Co., Ine., 330 W. 42nd St., New York 18, 
N. Y. Editorial Note: This book may 
be purchased thru the AMertcan WeLDING 

Here is valuable job knowledge which 
points the way to the more economical 
ind efficient design and production of 
metal-made products. Refleeting the ex- 
perience of hundreds of leading shops, this 
book explains resistance welding from A to 
Z—what it is; the equipment and ma- 
terials used; the design, tooling and pro- 
duction techniques that afford big savings 
in materials, costs, man power, ete. 

Spotlighting modern developments and 
methods, this book brings you valuable 
shop and tooling “know-how” that you can 
apply in planning and developing products 
for resistance welding. It explains how to 
design for spot welding, projection weld- 
ing, seam welding and flash butt welding, 
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and discusses tooling, handling and ma- 
terials control for various operations. 

Seven hundred and ninety-two photo- 
graphs and line drawings picture tools, 
methods, and procedures which have re- 
sulted in tremendous savings in the fab- 
ricating industries. Combined with the 
book’s clear, easy-to-read explanations 
and descriptions, they make up a manual 
of practical information and process data 
that reflects the best of practice in the 
field. 


Solders and Soldering 


Soldering is one of the easiest and most 
satisfactory methods of joining metals that 
ean be used with equal success by both the 
handyman and the professional. The 
National Bureau of Standards has just 
published a circular, Solders and Soldering, 
which describes in detail types of solders 
and soldering procedures. This circular is 
now available from the U.S. Government 
Printing Office. 

The three classes of solders treated are 
soft solders, precious metal solders and 
common brazing solders. Instructions are 
given for the proper use of each type of 
solder for joints of the required strength. 
The selections of fluxes, which can be as 
important as the choice of solder, is ade- 
quately discussed. 

All common soldering alloys are listed 
and their component elements, together 
with their melting ranges, are given 
Illustrations of different types of soldered 
joints are shown, and types of soldering 
equipment are deseribed and illustrated. 

Circular 492, Solders and Soldering, 12 
large double-column pages, is available 
from the Superintendent of Documents, 
U.S. Government Printing Office, Wash- 
ington 25, D. C., for 15 cents a copy. Re- 
mittances from foreign countries must be 
made in United States exchange and must 
include an additional sum of one-third the 
publication price to cover mailing costs. 


The Inelastic Behavior of 
Engineering Materials and 
Structures 


The Inelastic Behavior of Engineering 
Materials and Structures is the title of a 
book by Alfred M. Freudenthal. Pub- 
lished by John Wiley & Sons, Inc., 440 
Fourth Ave., New York 16, N. Y. 

This book develops a fundamental ap- 
proach to materials research—an ap- 
proach based on the analysis of the under- 
lying unifying principles. It covers all as- 
pects of the subject that are important in: 
(1) problems of research in mechanical 
properties and behavior of materials, (2) 
problems of mechanical testing of engi- 
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neering materials and of the evaluation of 
test results with regard to performance in 
service (3) problems of design of structures 
and machine parts and the theory of 
technolozical processes. 

The book follows a logical arrangement 
The Introduction discusses the purpose of 
the study of mechanical behavior and the 
basie concepts and definitions. Parts A 
and B develop the structural and phenom- 
enological framework of the mechanics 
of inelastic behavior of engineering ma- 
terials. Part C deals with specifie prob- 
lems of inelasticity, with design of struc- 
tures and machine parts under various 
conditions, and with mechanical testing. 

Throughout the book the author uses 
the pictorial physical approach based on 
the modified Bohr model of atomic struc- 
ture, rather than the rigorous but non- 
pictorial quantum concepts of modern 
solid-state physics. 


Lincoln Directory 


The Lincoln Electric Co., Cleveland, |, 
Ohio, has issued a new 8-page Directory of 
Welding Supplies, Bulletin 467. Featured 
are electrode holders, ground clamps, are 
torches, connectors, shields, cables and 
electrodes. Copy available on request 


Strength of Wrought Steels at 
Elevated Temperatures 


This 1950 Report giving a great wealth 
of information and data on the chemical 
and physical properties of wrought steels 
at elevated temperatures, prepared by R 
F. Miller and J. J. Heger, of the Carnegie- 
Illinois Steel Corp., was issued under the 
auspices of the A.S.T.M.-A.S.M.E. Joint 
Committee on Effect of Temperature on 
the Properties of Metals, by the American 
Society for Testing Materials 

Largely a graphical presentation, the 
data for the Report were gathered from a 
wide variety of sources which are noted in 
the book. One of the important features 
is the fact that standard commercial 
grades of steel are covered, the latest data 
on tensile, creep and rupture properties 
being given 

The report is in two sections, the first 52 
pages covering the plain carbon and alloy 
steels containing molybdenum and up to 
3% chromium; the second part covers the 
ferritic and austenitic steels with more than 
5% chromium. The latter includes many 
of the stainless varieties. Many of the 
steels for which data are given are covered 
in A.S.T.M. specifications, the applicable 
standards being noted. 

In order that the large number of curves 
and data points thereon would show up 
clearly and in appropriate size for ease of 
reading, the publication is issued in page 
size 8'/, by 11 in. There are 112 pages, 
and the book is bound in heavy paper 
cover. 

Copies can be procured from American 
Society for Testing Materials, 1916 Race 
St., Philadelphia 3, Pa., or from A.S.M.E 
Headquarters, at $3.00 each. 
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THOUSANDS OF MEN*® INTERESTED IN METALS VISIT THE 


METAL SHOW 


TO GET YOUR HELP IN ACHIEVING "“ECONOMY-IN-PRODUCTION” 


@ The Metal Show is Tops! At the 
Metal Show in Cleveland last fall 
35,588 men viewed the exhibits— 
for years, the attendance of Execu- 
tives, Metal Engineers and Buying 
Officials has exceeded 30,000. The 
Metal Show in Chicago next October 
will draw at least 30,000 men that 
are interested in anything and 
everything that will help them 
achieve “Economy-in-Production”. 

And these men BUY! For example: 
22% of last year's visitors decided 


to buy something they saw at the 


Metal Show. 10% bought some- 
thing different from what they 
planned after seeing it at the Metal 
Show. And 20% completed a deci- 
sion to buy something after seeing 


it displayed at the Metal Show 


Nearly 400 manufacturers will 
exhibit at the Show. Be among 
them and secure your space NOW. 
Write, wire or phone W. H. Eisen 
man, Managing Director, 7301 
Euclid Avenue, Cleveland 4, Ohio, 
(UTah 1-0200) for floor plan and 
space reservation. 


*35,588 Metal Men attended the Show in Cleveland last fall. Attendance 
Report No. 4 tells why they came, when they came, how long they stayed and 
what they thought. If you haven't received your copy, write for it. 


a 

: Institute of Metals Div.—A.1.M.E.- jociety for Non-Destructive Testing 

797 : 


The EUTECTIC WELDING ALLOYS CORPORATION 


$1000.00 PRIZE COMPETITION 


To Welding Engineers, Researchers, 
Metallurgists, Instructors, University 
Students and all others qualified... 


for papers on 


Technological and Research Aspects, Advances 
and Advantages of the Use of Lower Melting 
(lower than parent) Filler Metals in the Non- 


fusion Welding Processes. 


AWARD FUND 
FIRST PRIZE .. 
SECOND PRIZE 
THIRD PRIZE .... 


$500.00 
300.00 
200.00 


Rules of the Competition 


(1) The competition is open to all 
persons qualified to present basic 
principle, theory or the results of 
practical research and experience in 
the field of non-fusion “lower melt- 
ing” (lower than parent) filler metals 
in welding, except emplovees of Eu- 
tectic Welding Alloys Corp., its ad- 
vertising agencies, and members of 
their families. 
(2) Participants in the competition 
may submit welding papers on one or 
more of the following subjects: 
(a) Oxy-acetylene, low melting filler 
(b) Oxy-fuel gas, low melting filler 
(c) Brazing and bronze welding 
(d) Hard facing and resurfacing, 
with a low melting filler 


The welding application may be by 
torch, furnace induction, carbon arc 
or electric are. 


(3) Papers are to be presented in 
English and should be typewritten. 


R. D. Wasserman 
President 


(4) Papers should be confined spe 
cifically to the field defined above 
and may be documented with photo- 
graphs, test data or other material to 
substantiate and verify the thesis 
presented or described. 


5) All papers must be the original, 
previously unpublished work of the 
participant and must bear his name 
and address, 


6) Papers will be judged by The 
Jury and Committee of Awards on 
the basis of the merit of the theory 
or practice presented. Decision of the 
judges will be final. All entries and 
ideas therein become the property 
Eutectic Welding Alloys Corporation 
and none will be returned. 


(7) The competition opens Sept. 1, 
1950 and closes May 31, 1951 mid- 
night. All entries must be postmarked 
on or before that date. 


8) Winners of awards will be noti- 
fied by mail within approximately 
60 days after the close of the competi- 
tion. Complete list of winners will be 
sent to all participants requesting it. 


THE JURY and COMMITTEE of AWARDS 
Dr. Th. 1. Leston, Vice President, Eutectic Welding Alloys Corporation 
Prof. Otto H. Henry, Dept. of Metallurgy, Polytechnic Institute of Brooklyn 
Dr. Robert Humphrey, Vice Chairman, American Society for Metals 


Papers should be directed to: 


Welding Research Competition 


EUTECTIC WELDING ALLOYS CORPORATION 


40 Worth Street, New York 13, N. Y. 


New Literature 


Guide to Steel Selection 


This 4-page bulletin lists all popular 
grades of hot-rolled and cold-finished 
carbon and alloy steel bars, giving prin- 
cipal characteristics, mechanical proper- 
ties and uses. It is intended to serve as a 
quick, convenient and helpful guide to the 
selection of the most suitable as well as the 
most economical qualities of bar steel for 
the various jobs that come up in the aver- 
age shop. Prepared especially for jobbing 
and repair shops and maintenance de- 
partments, this guide also has proved use- 
ful to production men and designers. For 
a free copy address Joseph T Ryerson & 
Son, Inc., Post Office Box 8000-A, Chicazo 
80, Il 


Ampco News 


Copies of the second quarterly edition of 
the Ampco Welding News are available 
upon request. 

The articles cover the salvaging of cast- 
iron tumbler gears, successful welding of 
large galvanized recirculating air-duct 
systems, extended life for forming dies by 
overlaying and practical method of re- 
building screw conveyor shafts. 

Write Ampco Metal, Inc., 1745 8. 38 St., 
Milwaukee 46, Wis. and copies will be for- 
warded gratis. 


Zapffe Book Given High Rating 


The Science and Technology Division of 
the New York Public Library has an- 
nounced its selections for the “100 Best 
Technical Books of the Year.’’ Included 
on the list is a book by Dr. Carl A. Zapffe, 
Lehigh ‘34, entitled: Stainless Steels—An 
Elementary Text for Consumers. 

The announcement was made in the 
Technical and Business Book issue of the 
LIBRARY JOURNAL 

Stainless Steels was written by Dr. 
Zapffe at the request of the American 
Society for Metals and published by that 
organization as their official text on this 
important branch of metallurgy. The 
book is a comprehensive review of the sub- 
ject, but written in terms which are as 
simplified as possible, to explain to the less 
technically trained reader the unusual 
properties of these alloys and the best 
manner in which they should be worked 
and used. The book is particularly in- 
teresting for its history of the development 
of stainless steels, showing that their 
unique properties had been 
far earlier than commonly presumed 

During the recent war, Dr. Zapffe was 
Assistant Technical Director of the Rust- 
less Iron and Steel Division of the Armco 
Steel Corp. in Baltimore, one of the 
World’s largest 
steels. Since 1945 he has been working on 


discovered 


producers of stainless 
special research projects for the United 
States Navy under Contract with the 
Office of Naval Research. He lives with 
his wife and five children at 6410 Murray 
Hill Road in Baltimore. He is a member 
of the AMERICAN WELDING Sociery. 
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Welding Connectors 


Joy announces completion ol a new two- 
color flyer No. SM-1 that pictures and 
describes a new family of Welding Con- 
nectors. According to their report these 
plugs engage easily, yet cannot be acci- 
dentally disengaged. Molded as a unit of 
Neoprene and vulcanized to cable they 
are shatter proof, jerk resistant and water 
tight. The new flyer describes results 
observed when 500 Ib. was suspended by a 
pair of these new connectors for 24 hrs 

It also describes String-a-lite portable 
lighting lines for industrial use. 

Copies will be forwarded to those ad- 
dressing requests to Mines Equipment 
Div., Joy Mfg. Co., Dept. W4, Henry W. 
Oliver Bldg., Pittsburgh 22, Pa 


A.S.T.M. Symposium on 
Evaluation Tests for Stainless 
Steels 


Issued in May 1950, this symposium 
held at the 52nd Annual Meeting of the 
American Society for Testing Materials 
under the auspices of Committee A-10 on 
lron-Chromium-Nickel and Related Al- 
loys presents a critical appraisal of some 
of the testing methods that are in regular 
use tor evaluating certain corrosion-re- 
sistant characteristics of these stainless 
steel alloys. Special attention was fo- 
cused on two features: first, the signifi- 
eance of results of the laboratory evalua 
tion tests with relation to practical experi- 
ence under diverse service conditions and 
second, the effects on behavior of the al- 
loys in test, and in use, of lowering carbon 
contents to extremely low limits, 

The Symposium attracted as authors 
and as diseussers many of the major con- 
tributors to our knowledge of the metal- 
lurgical and corrosion-resistant character- 
istics of the alloys in question 

Following an extensive Introductory 
Summary, with detailed table of solutions 
used to detect sensitization, comparison 
of results of evaluation tests and other 
pertinent data including a five-page table 
of effects of stress relief and stabilizing 
anneals on corrosion as prepared by F, L 
LaQue, the following subjects are « overed: 
Present Knowledge of Low-Carbon 18-8 
Gillett); Corrosion Resistance and Prop- 
erties of Low-Carbon Austenitic Steel 
(Buck, Heger, Phillips and Queneau); 
Accelerated Corrosion Testing of Weld- 
ments (Bloom and Carruthers); An Ap- 
praisal of Methods for Evaluating Corro- 
sion Resistance (Brown, DeLong and 
Myers); Tests for Intergranular Suscep- 
tibility (Ebling and Scheil Influence of 
Carbon and Molybdenum on the Inter- 
granular Corrosion tesistance ( Binder 
and Brown Comparative Corrosion 
Resistance in Various Acids (Mears, Lar- 
rabee and Fetner); Comparison of Plant 
Corrosion Test Results with Huey and 
Strauss Tests (Teeple Some Plant 
Corrosion Tests of Welded Steels (Com- 
stock) and Testing Multiple Specimens 
in a Modified Boiling Nitric Acid Test 
(DeLong 

There is a great deal of tabular and 
graphic material in the publication and 
many illustrations 

Copies of this 236-page book, in heavy 
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CYLINDER 
VALVES 


for OXYGEN and HYDROGEN 


Designed, tested and proved for high 
pressures and severe service. 


Packing may be replaced with cylinder 
under pressure if necessary. 


Fuse plug and bursting disc provide 
positive safeguard. 


Bronze stem furnished as standard, 
also available with monel stem on 
special order. 


for ACETYLENE 


Cadmium-plated steel stem with 
monel tip resists rust and wear. 


Ball-nose seat construction assures 
positive shut-off. 


for CARBON DIOXIDE 


Available with diaphragm-type or 
packed-type construction. 

Compact rugged design for use with 
high pressures. 

Equipped with bursting disc safety 
device. 


RECO 
*Reg. U. S. Pat. Off VW 


PIONEER AND LEADER IN THE DESIGN 
BASTIAN-BLESSING= AND MANUFACTURE OF PRECISION 
NT FOR AN N ~ 
4201 West Peterson Ave. Chicago 30, Illinois | 


Ve uw Litk rature 799 


: 
RECO | 
| 
HIGH PRESSURE 


paper cover, can be procured from the 
American Society for Testing Materials, 
1916 Race St., Philadelphia 3, Pa., at 
$2.50 each. 


Daylight Fluorescence Detector 


Folder 48-5/50 describes new ultra- 
violet light source with inbuilt dark cham- 
ber to make possible fluorescence detec- 
tion and comparison in daylight. Porta- 
bility is shown in applications to ore ex- 
ploration, oil detection and nondestructive 
material testing with glow techniques. 
Illustrations show the self-energized unit 
in field use, an exploded view reveals the 
construction and design and a tabulation 
provides data on size, weight, price and 
spectral frequency of operation. 

Menlo Research Laboratory, P. O. Box 
522-CT, Menlo Park, Calif. 


Rexare Literature 


The Sight Feed Generator Co. has pre- 
pared and now has ready for distribution 
new literature covering its manufacture of 
Rexare, Rex-A-Lite and Rex-Tung hard 
facing and manganese rods and elec- 
trodes for oxyacetylene and electric-are 
application. Included are descriptions of 
various rods and electrodes and a listing of 
hundreds of hard-surfacing applications 
and recommended rods for each. Cover- 
age is also given on the firm’s series of 
Tungsten Carbide Tubes and Peas. Tech- 
nical data on the running of hard-facing 


60 E. 42nd St. 


ations, 


Carbide 


IN THE RED DRUM 
EFFICIENT 
ECONOMICAL 
DEPENDABLE 


electrodes and some hints about welding 
on manganese make this literature in- 
teresting and informative reading for 
welding shop owners, manufacturers and 
users of machinery subject to wear, im- 
pact and abrasion. Literature will be 
sent on request by The Sight Feed Gen- 
erator Co., W. Alexandria, Ohio. 


Welded Tubing 


The structural advantages, methods of 
fabricating and characteristics of welded 
steel tubing are discussed in a new 12- 
page, illustrated booklet published by 
Armco Steel Corp., Middletown, Ohio. 

Armco welded-steel tubing stresses the 
fact that tubing gives the utmost struc- 
tural efficiency per pound of metal. 
Sketches show how this works when 
tubing is used either as a beam or a 
column. 

The booklet outlines the characteristics 
of tubing—excellent finish, close toler- 
ances, uniform mechanical properties— 
and shows a variety of uses where tubing 
has been effectively used to cut manufac- 
turing costs, reduce weight, increase 
strength and improve appearance. 

Complete information is included on 
how hot and cold rolled as well as Zine- 
grip and Aluminized tubing is supplied— 
size limits, finish, tolerances and proper- 
ties—and how it should be ordered. 

Copies of this handy reference on welded 
steel tubing can be obtained from Armco 
Steel Corp., Middletown, Ohio. 


FOR WELDING and CUTTING 
Use National Carbide in the Red Drum 


Write us for information as to nearest available stock. 


NATIONAL CARBIDE COMPANY 


A Division of Air Reduction Co., Inc. 


New Literature 


Story of Aluminum 


The many amazing uses for aluminum 
are described in simple nontechnical 
language in the new book, The A-B-C’s of 
Aluminum, just published by Reynolds 
Metals Co. The complete story of alumi- 
num is presented—how the magic of 
chemistry and electricity turn clay into 
the bright metal products we see all about 
us. 
The text of the A-B-C’s is divided into 
three principal sections. “A’’ is for Al- 
loys, the big family of metals called 
“aluminum,” their production and fabri- 
eation; “B” is devoted to Benefits, the 
many natural advantages of aluminum 
and how they serve us; ‘‘C” covers Con- 
sumption, the many new and amazing 
uses for aluminum today and its fascinat- 
ing potentials for tomorrow 

A special feature is the series of 69 
pictures and charts. These are arranged 
in sequence to present a pictorial story 
showing how aluminum is produced from 
raw ore, made into metallic aluminum 
and then processed to form sheet, rod, 
bar and other aluminum mill products 
In addition, pictures of typical fabricating 
operations such as welding and forming 
are included. 

This %6-page, 6 x 9-in. book is complete 
with tables of contents and in itemized 
cross index. Both cover pictures and 
text. A wire binding allows the book to 
lie flat when open. 

The A-B-C’s of Aluminum was written 
and produced by G. W. Birdsall. It is 


New York 17, N.Y. 
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the fast, 


low-cost way 


to get 
worn teeth 


back in service! 


1. Worn tooth... 2. Pius AMSCO Tooth Repointer . . . 3. Equals like-new tooth—ready for service! 


AMSCO. tooth repointers 


@ Here’s a typical example of a badly worn dipper tooth 
completely restored to service ... simply by welding on the 
AMSCO Cast-To-Size Tooth Repointer. The result is like-new 
service life and efficiency, plus a long-wearing tooth of 


4 
' Manganese Steel—the steel that actually work-hardens in 
; service. Cost? Far less than replacement! 

3 : Wherever equipment has teeth that wear, more and more 

! 

a 


owners are using money-saving AMSCO Tooth Repointers . 
available in a wide variety of styles and sizes. 


Get all the facts! Write today for Bulletin W-10-A 
AMSCO Repointer Bars —showing complete instructions for use. 


3 teeth partially rebuilt with AMSCO A. ° 
Repointer Bars to show sectional view bl wet 


of welding method. These Repointer, 


or Wedge Bars, are also made in 
many shapes and sizes. Apply AMSCO 
WELDING PRODUCTS 


Economy Hardface to the rebuilt tooth 
—for as much as 3 times longer service! 


Brake Shoe | AMERICAN MANGANESE STEEL DIVISION 


COMPANY 399 EAST 14th STREET + CHICAGO HEIGHTS, ILL. 
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sent without charge to anyone in the 
metal-working industry requesting it on 
company letterhead. Address all requests 
to Reynolds Metals Co., 2500 8. Third 
St., Louisville 1, Ky. 


Aluminum-Alloy Sections for 
Road Vehicle Bodies 


A new brochure marks an important 
step taken by the aluminum industry, in 
arranging to produce new extruded sections 
that will greatly assist road vehicle de- 
signers and builders. 

The existence of a wider range of sec- 
tions supplied from stock dies—and 
readily obtained—opens up a way to im- 
proved design of road vehicle bodies with- 
out the attendant difficulties of extra costs 
for special extrusions, and delay in obtain- 
ing them. Later difficulties of replacement 
in repair work, and the need to carry large 
stocks, are also removed 

A total of 32 sections is described, in- 
eluding 15 from B.S. 1161; “Aluminum 
Alloy Sections,” and the data include 
weight per foot run, dimensions and 
geometrical proprties, and-——for ten types 
of vehicle body—applications to cross 
bearers, crib rails, columns, corners, posts, 
ete 

Published by the Aluminum Develop- 
ment Assn., 33 Grosvenor St., London, 


Low-Temperature Brazing News 


Bulletin 51 published by Handy and 


Harman, 82 Fulton St., New York 7, N. Y., 
describes a number of new and interesting 
applications of silver brazing. Copy 
available on request. 


A.S.T.M. Data on Corrosion 
and Heat-Resistant Steels and 
Alloys 


These new tables of data on the com- 
positions and properties of the wrought 
corrosion-resistant and heat-resistant chro- 
mium and chromium-nickel and 
alloy castings have been assembled by 
Subcommittee I on Classification of Data, 
of the American Society for Testing Ma- 
terials Committee A-10 Iron- 
Chromium-Nickel and Related Alloys. 

Data were collected and tabulated by 
Russell Franks, J. W. Juppenlatz, V. N. 
Krivobok, F. L. LaQue and E. A. Schoe- 
fer; and edited by F. P. Peters. 

The publication brings up-to-date a 
previous compilation on wrought stain- 
less alloys and includes a comprehensive 
new section devoted to cast alloys. The 
data have been divided into two parts: 
Part [ on Wrought Alloys and Part II 
on Cast Alloys. 

The data for the different steels have 
been condensed to the simplest form to 
provide a ready reference for both the 
maker and user of the steels. 

Copies of this 84-page publication, 
heavy paper cover, can be procured from 
the American Society for Testing Mate- 
rials, 1916 Race St., Philadelphia 3, Pa., at 
$2.50 each. 


steels 


‘Service Bulletin 


Services Available 
A-608. Electrical Engineer, B.S. de- 
gree. 10 vears’ experience as a service and 
development engineer for a resistance- 
welding machine manufacturer. Desire 
position in connection with plant engineer- 
ing, development or processes engineering. 


A-609. Available, Resistance Welding 
Engineer, pre-war and post-war experi- 
ences include design, development, field 
engineering, sales, research, and produc- 
tion welding supervision. Positions held: 
Assistant chief engineer, development and 
consulting engineer, technical advisor as 
engineer in charge of welding for large air 
craft company, division sales manager 
Geographical location of future employ- 
ment unimportant. 


A-610. Metallurgical Engineer desires 
position. Recent graduate as Metallur- 
gical Engineer, Age 38, married, two 
children. Working in Production Metal- 
lurgical Laboratory important aircraft 
company on welding and heat treating as 
practiced in the plant. 
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HAS TO BE GONE OVER 


WAIT'LL THEY START 
USING THAT 


CHAMPION 
BLACK DEVIL - 


THEY'IL GET THAT 
INCREASED 
PRODUCTION 
EASILY WITH THEIR 
SAME MANPOWER 


Boy! WHAT A STEPPED-UP 
PRODUCTION SCHEDULE WE 
HAVE TO MEET THIS MONTH IN 
THE TANK $HOP_ MANAGENENT 
SAID TO UP IT 30% . OVER 
@lAsT MONTHS 

RECORD! 


IT$ SURELY GOING TO 
BE TOUGH! THE WELDING 


y THOSE WELDERS ARE SURE 
A HAPPY CREW. WITH THAT 
FAST-BURNING HIGH DEPOSIT RATE 


CHAMPION BLACK DEVIL 
THEY'RE BATTING A THOUSAND 
ON THAT PRODUCTION 
SCHEDULE | 


1 DON'T KNOW 
HOW TO PUSH THE 
ANY 
HARDER | 


ROD ON THE 
MARKET PROVES 
ITSELF AGAIN! 


NO UNDER CUT ON 
THE EDGES - PRACTICALLY 
NO $PATTER TO CLEAN 
OFF — SLAG CAME OFF 
EASY BETWEEN 
PASSES | 


THE APPEARANCE OF THE 

WELDS If FIRST RATE, 

$MOOTH, EVEN AND 

THOSE X-RAYS SHOW 
PERFECT/ 


THE CHAMPION RIVET CO. 


CLEVELAND, OHIO E. Chicago, Ind. 
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Westi nghouse 


NO-LOAD LOSS OF ONLY 500 WATTS... 
compared to 2480-3600 watts on a conven- 
tional motor-generator welder. 


ENDS WELDER NOISE! Lightweight, quiet 
selenium rectifier replaces old noisy motor 
generator. 


SIMPLICITY SLASHES OPERATING COSTS. The 
new Westinghouse has only 3 basic elements 
...transformer, reactor and rectifier. Saves 
motor and generator maintenance costs. 


SMOOTHER WELDING... Less arc blow... 


easier arc striking ... better weld quality. 
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We'll arrange DEMONSTRATION 
OR TRIAL INSTALLATION of 
the new Westinghouse D-C Welder 
at no cost to you. Write today. 
Westinghouse Electric Corporation, 
Dept. DCT, P. O. Box 868, Pittsburgh 
30, Pennsylvania. 


REE 
Welders. 


Ground Clamp 


A new lightweight, low-cost ground 
clamp of 300 amp. capacity, the GC-3, has 
been developed by The Lincoln Electric 
Co. of Cleveland, Ohio. . 


The GC-3 is designed to provide a con- 
venient, readily movable, yet solid ground 
connection for welding jobs where welding 
currents do not average over 300 amp. 
The new clamp not only cuts accessory 
costs for these jobs but also eliminates for 
welders the inconvenience of handling 
heavy-duty clamps on jobs where their 
extra capacity is not needed. 

The clamp weighs only 1'/: lb. and has a 
jaw spread of 2'/,in. A heavy direct act- 
ing spring gives a positive, slip-proof con 
nection with the work. The frame is 
made of pressed-stee! construction. The 
jaws are made of a special steel and copper 
alloy, “Linealloy,”’ which is both highly 
conductive and highly resistant to wear 

Lincalloy” is manufactured by Lineoln 
Hlectrie especially for ground elamp and 
cleetrode holder jaw use. 

The GC-3 does not replace the Lincoln 
heavy-duty GC-5 which has a eapacity of 
500 amp 


A.-C. Industrial Welders 


\ complete new line of a.-c. transformer 
welders in which welding heat adjustment 
is accomplished electrically through an 
a.c.-d.c. reactor is being announced by The 
Hobart Brothers Co.. Troy, Ohio 


The transformer has conventions! pri- 
mary and secondary windings, plus an ad- 
ditional winding which supplies current 
through a rectifier to provide d.-c. current 
for a.c.-d.c. reactor adjustment. All class 
B insulation is used, with glass-covered 
conductors, and with glass cloth between 
layers. None of the coils move and all 
parts are anchored firmly in place. 


The a.-c. winding of the reactor is in 
series with the transformer secondary and 
the are, providing the reactance necessary 
to adjust the welding current. The d.-c. 
winding takes current from the rectifier to 
saturate the iron of the reactor, providing 
fine adjustment of the welding current. 
This design also provides the ‘“‘pre-surge”’ 
instantaneous are striking, without the use 
of relays or other moving devices. 


A standard rectifier is used to supply 
power to the reactor d.-c. winding and 
uses minimum power. It is of the low 
voltage type (about 20 v.) so that the 
voltage going through the rheostat under 
the operator’s hand is very safe. 


Due to the design of the transformer and 
lack of crowding in the roomy case, cool 
operation is inherent and no fan is neces- 
sary. This feature makes these welders 
completely free of moving parts. 


These sets can be furnished for operation 
on single phase, 60 cycle supply current— 
either 220/440 dual voltage, 440/550, or 
220/440/550 v. They can also be fur- 
nished for 50 cycles, if desired. 

Available in 200, 300, 400 and 500 amp 
sizes with stationary or portable mount- 
ings, and with a sturdy lifting eye for 
handling by hoist or crane. Attachments 
are available for all sizes to adapt these 
welders for Inert-Gas -Shielded Arc Weld- 
ing or Inert-Gas-Shielded Spot Welding. 


Weldpower Head 


A precision-bench mounted spot welder 
utilizing a new patented idea for obtaining 
eleetrode pressures is being manufactured 
and marketed by Raytheon Mfg. Co., Wal- 
tham, Mass 


The Model G Weldpower Head is said 
to give extremely accurate and consistent 
electrode pressure through the use of a 
built-in metallic bellows air-storage sys- 
tem. An air gage in the base of the welder 
head gives instantaneous indication of 
electrode pressure and permits rapid ad- 
justment to a predetermined pressure. A 
small hand pump, available with the 
equipment, is all that is needed to supply 
the necessary air pressure 

Another feature claimed for the Model 
G Weldpower Head is the instantaneous 
eleetrode follow-up for forging action due 
to the extremely low mass (3'/2 oz.) of the 
moving parts. 


Vew Products 


W eldpower head 


Bench area required for mounting is 
only 7 by 7'/. in; the unit stands ap- 
proximately 1 ft. high. 

The Model G ean be quickly and con- 
veniently converted from precision spot 
welding to series welding. Complete in- 
formation may be obtained by writing to 
the Raytheon Mfg. Co., Dept. 6260NR, 
Waltham 54, Mass. 


Universal Hard-Facing Electrode 


For applications where the highest ob- 
tainable hardness is desired, Lutectic 
Welding Alloys Corp., 40 Worth St., New 
York 13, N. Y. has designed EutecTrode 
10, it deposits a bead having a hardness of 
Rockwell C 63-68. Recommended for use 
by all those who have wear problems 
almost every machine shop, large or 
small. 

Particularly well suited to the hard 
facing of roller cams, rolling dies, pul- 
verizing rollers and similar items, L/utec- 
Trode 16 is most satisfactory because of its 
high resistance to abrasion. It will with- 
stand the severest operating conditions 
without appreciable wear, and will extend 
the useful service life of such equipment 
for beyond original expectations 

This new electrode combines ease of ap- 
plication with satisfactory weldability 
This a.c.-d.c. electrode will not become 
soft or lose strength at these higher 
temperatures, and its ‘red hardness” is 
far above that of most conventional alloys 

EuteeTrode 10 gives smooth dense de- 
posits of excellent corrosion resistance, is 
available in '/s, °/s2, and */\. in. diameter 
rods. It will hard surface gray cast iron, 
steel, high-speed steel and malleable cast 
iron. 
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This Lukens man knows... 


“When customers ask us to recommend a welding rod for the clad side of 
our Monel-Clad Steel, we tell them to use the new ‘140’ Monel electrode.’ 


These are the words of Mr. L. W. Williams, Manager, Technical Service 
Lukens Steel Company, Coatesville, Pa. Mr. Williams’ expert advice 
on metal problems is sought by many users of his company's products 


In explaining his reasons for recommending “140° Monel® electrodes, 
Mr. Williams said 


“The ‘140’ Monel electrode was especially designed to lay its deposit directly 
on steel. Since the ductility of the deposit, arcing characteristics and EMBLEM OF SERVICE 
slag removal are unaffected by steel pick-up. there is no need for the 


customary barrier layer of Nickel 


"Moreover, we know that the customer can be sure the welds he makes 
with the ‘140’ Monel electrode will meet various code requirements 


and pass X-ray inspection.” 


In addition to welding the clad side of Lukens Monel-Clad Steel. 
140” Monel electrodes give good results in any Monel welding application 
where steel is present ... making Monel overlays on steel. joining 

Monel to steel or stainless steel. 


“140” Monel electrodes are available in standard diameters of 

3 32”, 5 32”, and 3/16”. Current requirements are — D.C., reversed polarity 
For additional information about the welding of Inco Nickel Alloys, 
write for: Bulletin T-2, “The Welding, Brazing. and 
Soldering of Monel, Nickel, and Inconel.” 


NOW —FOR YOUR CONVENIENCE —inco 
welding electrodes are now supplied in new 
containers easier to open, tler protec 


tion during shipping and storage 


INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5,N. Y. 
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New “Hidensity”’ Hidden 
Are-Welding Process 


A new welding process employs welding- 
current densities on °/g-in. electrode wire 
which melt the electrode at speeds com- 
parable to using 10,000 amp. on a standard 
*/»-in. diameter coated hand electrode. 
The new “Hidensity” process can be used 
with any standard 8.A.E. 600 or S.A.F. 
900 welding generator or an S.A.E. 600 
gasoline engine-driven generator. 

The new process uses either a */, or a 
diameter electrode wire. Welding 
currents up to 600 amp. are used with these 
wires which, on the small cross-sectional 
area of the wire, produce extremely high- 
current densities. These high densities 
create a deeply penetrating are which in 
turn allows the use of high-welding speeds. 
This also means that in general little or no 
edge preparation of joints is required, and 
therefore less weld metal is used in com- 
pletely fusing the joint. 

A “Manual Lincolnweld ML-2” unit for 
using the “Hidensity” process is connected 
in a few minutes to any standard 8.A.E. 
600- or 900-amp. welding generator. This 
unit provides all the features of an auto- 
matic head and is completely self-con- 
tained so that it ean be moved to the work 
independently of the welding generator. 
It can be operated any practical distance 
from the generator, and because of its 
flexibility and portability, it can be used on 
all types of flat and near flat work. 

The “ML-2” unit consists of a control 
case, wire reel case, conductor cable and 


All 


WELDING 


welding gun. The control case contains a 
wire feed mechanism, consisting of a 
variable speed direct-current motor geared 
to drive rolls, plus an on-off switch, inch 
button, are voltage rheostat and current 
relay. The wire reel case is connected 
directly to the control case but may be 
separated from the controls for special 
applications. Coils of wire are centered at 


WELDING HANDBOOK 


The most complete and authoritative book on 
every scientific, technical, and practical phase of 


welding. 


common applications. 


1651 pages 


cloth bound 69-page index 


1000 illustrations 


ORDER YOUR COPY NOW! 


INSPECTOR 


Covers every process, every metal, all 


more than 300 tables 


DESIGNER 


all times on the reel, which is easily re- 
moved for loading. 

The feed mechanism automatically feeds 
wire at «a preset arc voltage from the reel 
through the conductor cable to the welding 
gun. It is fed through the gun to the work. 
The gun holds inorganic granular flux 
which is deposited around the high-density 
are, completely covering the are and crater 


roads \\ lead to the 
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$12 per copy in the U. S. and Canada 


$13 elsewhere; $9 per copy to members 


SALESMAN 


AMERICAN WELDING SOCIETY 


33 West 39th Street, New York 18, N. Y. 
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PURCHASING AGENT WELDER 
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A NEW CATALOG... full of helpful, 
factual, cost-saving information 


W it's a storehouse of facts and data — 28 pages 
of useful information by the originators of 
EASY-FLO and SIL-FOS. Tells WHERE and 
HOW to use these silver brazing alloys to the best 
advantage; shows many time-tested applications; 
describes fast brazing techniques; tells how you 
can speed up production and save. It’s a “must” 


for all who design or produce metal assemblies. 


WRITE FOR YOUR FREE COPY TODAY 
ASK FOR BULLETIN 20 


HANDY HARMAN 


82 FULTON STREET “Gey NEW YORK 7, N. Y. 
Bridgeport, Conn. Chicago, lil. Los Angeles, Cal. Providence, R. |. Toronto, Canada 
Agents in Principal Cities 


SEPTEMBER 1950 807 


4 
1 
: 
93-27 
SEE LO and prazin’ aemon” 
and actus) production prazin€ yoo 
in of work from many 
Come in and alk ovet yout meta) 
neet® pick copy of the new pulleti© 20- 
“oot 


as the gun is moved over the joint being 
welded. The welding gun is moved either 
by hand or by attaching it to a mechanized 
carriage of the cutting-torch type. 

With the “ML-2” unit connected, a 
welding generator can be used for either 
“Hidensity” hidden are welding or regular 
“open arc” hand welding; but not at the 
same time. The same welding machine 
can be used on a job for regular tack weld- 
ing and finish welding with the “Hiden- 
sity’’ process. 


Colmonoy Nicrobraz 


Nicrobraz is a heat and corrosion-re- 

sistant alloy for brazing stainless steels 

This new material is a stainless type that 

i may well revolutionize many phases of the 

. brazing industry. The joint of a stainless 
Smith-Dolan Pre- steel assembly brazed with Nicrobraz 
; possesses equal strength at 2000° F. plus 


heating Stress Re- better corrosion and oxidation resistance 
oe than the parent metal. 


izing Equipment-By- 


_ Welded Joint in 20” O.D. 
— 1%”. Wall Carbon 
Moly Boiler Down-Comer 
Partially Wrapped for 
Stress Relieving. 


@ Smith-Dolan Heating Apparatus can be easily and . _ , 
safely handled by regular job personnel. ee can be used to braze 300 and 
‘ series stainless steel, Inconel, 5-590, 
@ it will deliver consistently perfect results under safe alley ctecle, tec! stock, 
conditions assuring minimum job costs. steels and special stainless steels. An 
@ Thorough heating of heavy wall metal sections N assembly to be brazed with Nicrobraz is 
can be achieved in a minimum of time with precise SS prepared the same as for copper brazing 
control. \ It has been found that the joint clearance 
@ Proper heating is delivered according to set N should not be over 0.002 in. where highest 
specifications and requirements of the Boiler and 
§ “1S A a2 ace 
Piping codes. atmospheres, brazing is best accomplished 
N in pure dry hydrogen of —40° F. dew point 
NEW MODEL U-P — Patented = + . or below. Nicrobraz is applied to the part 
and is held in place with Nicrobraz Cement 
ow frequency induction beater, 
three-bigh stack (shown) 30 
kva, 10 kva per unit. Buy one 


and it will flow throughout a joint by 
capillary action when heated to 2050° F 


or stack two or three for in- After 510 hr. at 1600° F. in an air at- 
creased capacity. Buy what you mosphere the Nicrobraz joint shows no 
need; build as you go. signs of oxidation and no loss of tensile 


strength. 
AUTOMATIC CONTROL The physical properties of Nicrobraz 
CABINET used with Model U-P 

. leave no question as to its suitability for 
units (shown) and Model GC Jet Engines. New designs have been 
Duplex 120 or 150 kva induc- ; d in this field du ‘ ; 
markable high temperature properties 

In other commercial fields, such as: 
Electric Arc equipment can be rented or purchased for any ; food, dairy, beverage, chemical, mercury, 
job requiring preheating and stress relieving for welding nuclear energy, automotive, oil refinery 
and normalizing. 


and medical, there are vast possibilities 
Write for Informative Catalog Nicrobraz is available as a powder in 

N one-pound containers. It is priced less 
than silver-brazing alloys Nicrobraz 


ELECTRIC-ARC, INC. Cement comes in pint containers 


Wall Colmonoy Corp., 19345 John R 


161 JELLIFF AVE., NEWARK 8, N. J. na St., Detroit 3, Mich., offers engineering 


ac & DC Welding Equipment @ Spot Welder Electrodes & Supplies assistance for stainless-steel brazing de- 
velopment work 
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Whether you fabricate nadine, tanks, containers or structural members, Lincoln's 


NEW High-Current-Density 


HIDDEN-ARC WELDING PROCESS 


can cuf your 


Here's the latest, most important development in faster, 
easier, lower-cost arc welding... Lincoln’s exclusive High- 
Current-Density, Hidden-Arc Welding Process. Through 
the use of current densities up to 600 amps. on %" diameter 
continuous welding wire (equivalent to 9600 amps. on 
a %” rod!) you get welding speeds up to 360 inches 
per minute . . . 3 to 4 times that possible with conventional 
hand welding. 

Now with the new “Manual Lincolnweld ML-2” the 
effective cost-cutting benefits of deeper penetration and 
higher-quality welding in granular flux are further ex- 
tended to an even wider range of work. With its compact, 
portable design, the new “Manual Lincolnweld” can be 
speedily moved to any part of the shop to simplify welding 
on all flat or near-flat work. It operates from any Lincoln 
600 or 900 amp. “Shield-Arc”’ motor driven or 600 amp. 
engine driven arc welder, further making it easy to move 
about the shop especially in confined areas. 

For additional flexibility, the welding gun, which uses 
either %" or %” wire, can be hand-held or mounted in a 
simple fixture. The unit can be set also for either “Manual 
Lincolnwelding” or normal hand welding with coated 
electrodes. 


GET 
THE FACTS 


welding costs 


The High-Current-Density, Hidden-Arc Welding 
Process is an exclusive process of The Lincoln Electric 
Company, Cleveland, Ohio. 


WIRE REEL 
CASE 


ARC VOLTAGE 
SELECTOR 


CONTROL C 


New "ML-2 Manual Lincolnweld" Weight without wire reel only 121 
pounds. The control case alone weighs only 50 pounds and can be de- 
tached from wire reel case for additional portability in restricted spaces 


Send for free “Manual Lincolnweld” Bulletin 1303, write 


THE LINCOLN ELECTRIC COMPANY 
Dept. 99, Cleveland 1, Ohio 


Sales Offices and Field Service Shops In All Principal Cities 
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Safety Shield 


Fabricated from hardware cloth and 
high-grade canvas, treated according to 
U. 8S. Spee. CCC-D-746, a new cloth 
safety shield, “Spa-Fla,” protects property 
and personnel in the work area from 
sparks, hot chips and flying particles and 
guards against eye burns from flash. 


The safety shield will stand by itself, 
formed in any position, around the job 
being performed —-welding, flame cutting, 
grinding and as a wind-break or sun-shade 
on outside work. Easels may be attached 
for field work or to ventilate inside jobs. 

Spa-Fla,”’ distributed by Safety First 
; Supply Co., Pittsburgh, Pa., can be rolled 
: compactly and earried easily from job to 
job by one man. It is stocked in two sizes, 
{8 in. x 72 in. and 36 in. x 72 in., or it can 
be made up to any size 


Nonferrous Metals Now Preclad 
with Silver-Brazing Alloy 


Most nonferrous metals can now be ob- 
tained in strip form, clad on one or both 
sides with a layer of silver-brazing alloy. 
This development, known Braze- 
clad, consists of laminating a layer of 
silver-brazing alloy to one or both sides of 


such metals as copper, most types of brass, 
all types of nickel silver, jewelers’ bronze, 


Irregular shaped joint made from 
Braze-Clad brass eliminates special 
blanking of silver brazing alloy 


beryllium copper, cupro-nickel, nickel, 
monel, ete. This clad preplacement of the 
silver-brazing alloy will result in tremen- 
dous savings in time and labor throughout 
the metal-working industry. 

In the Braze-clad process, the silver- 
brazing alloy is diffused into the parent 
metal at the supplier’s plant and can be of 
any specified thickness and in any com- 
mercial melting range. Braze-cladding 
eliminates the necessity of using rings, 
washers, preformed special shapes and 
other forms of silver-brazing alloy cur- 
rently used in metal joining. Since the en- 
tire joint surface of the parent metal is 
prediffused with silver-brazing alloy, voids 
caused by dry spots and oxide islands are 
eliminated. Longer and more uniform 
joints are possible than when face feeding 
is employed or where distribution of the 
alloy is dependent upon capillary creep. 

Braze-clad metals can be blanked, 
stamped and drawn in the usual manner, 
whether clad on one side, both sides or in 
inlaid stripes. Being extremely ductile, 
the brazing allov follows the contours of 
the forming dies, vet presents a specified 
bonding thickness at all times. 

Multiple joining, as performed by “‘in- 


New Products 


duction heating” or furnace brazing, can 
be accomplished simply by placing the 
parts to be joined in the proper position, 
fluxing and heating in the usual manner. 

Typical applications of Braze-clad 
metals include hollow handles for cutlery 
and silverware, cap-on-rod joints, hidden 
joints, seamed tubes and the joining of ir- 
regularly shaped parts, springs, studs, con- 
tact arms, ete. 

Braze-clad nonferrous metal strip is 
made by the Rolled Plate Division of the 
American Silver Co., Inc., Flushing, 


Portable Ultraviolet Light 
Source 


For the nondestructive testing of struc- 
tures, weldments, vessels and other ob- 
jects too large for transport to a per- 
manently-installed black-light booth, the 
new Menlo Fluoretor combines portability 
and self-powered operation with facilities 
to permit observation under the most in- 
tense ambient light. Total weight of the 
operating unit is less than 2 Ib. 

Two standard Size D flashlight bat- 


Braze-Clad insures perfect joints on 
knife handles and other shell-like 


parts 


Magnification showing Braze-Clad 
on copper, one side and two sides 
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THESE NICKEL STEEL ELECTRODES 


Assure tough welds... 


Try 2'4-342% nickel steel electrodes and 
see how easily you complete strong, tough, 


sound welds... 


Porosity, cracking, and brittleness, even at 
low temperatures can be avoided when you 
use these nickel steel arc welding electrodes. 
Coatings are of the low-hydrogen-type. 


Examine the test data. Look at the charts to 


determine the excellent properties offered by 


even frigid weather 


these tough nickel steel welding electrodes. 


Applications include use on railroad equip- 


ment, on power shovels and all types of 


earth-moving machinery, on heavy-duty 
truck bodies and similar types of structures 


fabricated from wrought and cast steels. 


Write today for list of sources from which 


you can obtain these electrodes. 


Yield Strength Tensile Strength 
psi. psi. 


76,250 91,750 
3 73,100 87,250 
234 69,350 90,500 

75,000 89,250 


Elongation Reduction of 


in 2 in. % area. % Condition 
22.5 62.7 A.W.* 
29.0 71.4 A.W. 
25.0 59.7 AW. 
26.0 61.5 * 


| C-0.06 C, 3.01 Ni / 


Testing Temperature °F 


welded **Stress relieved at 1150°F 
a “Tensile Test Data on All-Deposited Metal 7] 
from 3/16” Nickel Steel Electrodes. a4 as 
40| A-0.08 C, 2.15 Ni | 
te | J-0.09 C, 2.82 Ni 
| 
5 20) Dotted Line 160 Amps | 
iso Solid Line 180-200 Amps 
Effect of temperature on impact properties of weld 10} | 
| 16 | 
metal containing less than 3% nickel. o| 
360 -330 -300 -270 -240 -210 -180 -150 -120 -90 -60 -30 


y 
= C, 355 Ni 
| $= ~ 
ez 
| 2 2 20} 
is2 | Dotted Line 160 Amps 
= 10} Solid Line 180.200 Amps 
~ oL-- Electrode 


-270 -210 -180 -150 -120 -60 -30 0 30 60 90 


5 0-3 120 150 180 
Testing Temperature °F 


es Effect of temperature on properties of weld 


metal containing more than 3% nickel. 
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teries supply power for the ultraviolet 
generator which is attached by a swivel 
joint to the wand-type handle containing 
power components. A light-tight dark 
chamber fits around the generator head to 
exclude light from the area under examina- 
tion. A sponge-rubber cone improves the 
light seal on rough or irregular surfaces. A 
series of specimen-holding end caps fits the 
mouth of the dark chamber so small ob- 
jects can be examined without removing 
them to a darkened area. A focussing eye- 
piece provides 3 times magnification for 
the observer. 

Alternative generator-filter heads are 
available for operation at either 2537 or 
3660 Angstroms. Due to the swivel ar- 
rangement and the slip fit of the dark 
chamber, the unit can be set to the most 
convenient viewing position for right- or 
left-handed; right- or left-eyed use. 
Menlo Research Laboratory, P. O. Box 522 
CT, Menlo Park, Calif. 


Low-Priced Portable Magnaflux 
Unit 

A new, portable and general purpose 
Magnaflux Unit is announced, which is ex- 
pected to find wide application for main- 
tenance inspection, safety inspection and 
for wide application in genera] inspection. 
The low price of $485 is a complete price, 
which entitles the purchaser to a day of in- 
struction in magnetic particle inspection, 
at no further cost. With Magnaflux, all 
defects such as invisible fatigue cracks, 
shrink cracks, weld cracks, ete., are made 
readily visible by a magnetic particle in- 
diecation built up on them by quick mag- 
netization. The training of a maintenance 
man or inspector is carried out by a 
Magnaflux Field Engineer, based upon 
twenty years work with magnetic particle 


inspection in all types of manufacture and 
overhaul. 

The KH-05 Magnaflux Unit is de 
veloped to furnish the best on-the-job in- 
spection. It requires only 110-v a.c. sup- 
ply line to give a.-c. or d.-c. magnetization 
with safety and flexibility, using low 
voltage, high-amperage magnetizing cur- 
rents. 500 magnetizing amperes are 
available. 

Magnaflux Corp., 5900 Northwest High- 
way, Chicago 31, Il. 


Torch Holder 


The Krohn Mfg. and Supply Co., 
Centreville, Mich., announce the new 
“Krohn Star’ Pantograph Torch Holder 
for contour flame cutting and butt weld- 
ing. 

The machine operates on the principle of 
the pantograph which assures accurately 
cut patterns, devoid of ragged edges. Be- 
sides making flame cutting easier and more 
accurate, the “Krohn Star’’ torch holder 
lessens eye strain as the operator is sta- 
tioned several feet from the flame and he 
does not need to watch it steadily. 

This machine can be used to good ad- 
vantage by the small commercial shops, 
trade schools, high school and college in- 
dustrial arts shops, hobbyists and by large 
plants for the smaller jobs that do not 
justify using the elaborate electrically 
operated flame cutters. By substituting « 
welding torch for the cutting torch, light 
materials can be butt welded. 

The “Star” cuts circles or rings up to 24 
in. in diameter, a straight cut 52 in. long, 
also squares and combinations of curves 
and angles. 

Adjustable templates or form duplica- 
tors are furnished with the machine and 
others can be cut from light metal with a 
pair cf tin snips. Thus the contour tem- 
plate problem is simplified. 

The arm which holds the torch is ad- 
justable to fit various types of hand and 
machine torches. The workpiece stand is 
adjustable for different thicknesses of steel 
without changing the supports. For very 
large sheets of steel additional workpiece 
stands or posts are supplied. The heart- 


shaped operating table may be attached to 
either the right or left end of the machine. 
The operating arms are also interchange- 
able, and the steel workpiece stand may 
be moved as desired. 


Welding Household Mixer-Base 
Units 

The machine is basically a table-top 
welder with ten adjustable self-centering 
welding guns and five series welding trans- 
formers rated 35 kva. at 50% duty cycle. 
An eleetronic control cabinet (not shown) 
is mounted separately and has a control 
sequence of Squeeze-Weld-Hold-and-Off 
Times. In actual operation the operator 


places the parts to be welded in their re- 
spective locations on the welder and after 
depressing a control button, initiates the 


welding cycle which completes all ten 
welds in one operation. This machine can 
weld better than 520 units per hour as 
compared with 125 units formerly pro- 
duced on a foot-operated welder. No 
buffing or grinding is necessary on the 
completed parts. By simple adjustment 
of the locating fixtures and repositioning 
the welding guns, various size and shape 
bases can easily be loaded and welded in 
one operation. 


Torch Holder 


New Products 
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Bernard y 


‘Shortstub 


Reduces electrode stub waste by depositing the total 
fluxed length of every electrode—remains com- 
fortably cool even under continuous operation. 
Two sizes: 400 amp. and 600 amp. 


Bernard 


Model B 


» 4 


The fastest and most accurate 
method of positioning and hold- 
ing plates, structural shapes, pipe, etc. Reduces a 
former two-man operation to a one-man job! The 
only tool of its kind! 


Bernard 


FIVE TIMES FASTER CLEANING ACTION 


Five “full floating’ individual heads, precision 
hardened, conform perfectly to concave, convex or 
irregular surfaces. Metal or wood handles, with or 
without wear-compensating “Repeater” brushes. 


and now... 


watch 

for our 
announcement 
of the 

new 


Bernard 


The new 60 second 
tool for lining up 
and fitting butt, 
lap and other joints 


Manufactured by BERNARD WELDING EQUIPMENT (0., cnicccois\itino's 
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Aircomatic is a new metal arc welding process that per- 
mits high-speed welding of aluminum, of aluminum 
bronze and of stainless steel —in all positions... 

The process uses a bare wire electrode in coil form, 
continuously fed to the work within an inert gas shield. 
High current densities are used providing excellent 
penetration and high deposition rates, permitting weld- 
ing at speeds greater than ever before possible. 

Aircomatic welding has proved most economical .. . 
for its high deposition rate, in addition to permitting 
high travel speed, also makes possible fewer passes on 
heavy material, and faster, heavier deposits for overlay 
or build-up work. This means more weld per unit of 
are time, whatever the job. Further, since the wire is 
bare and continuously fed through a shield of inert gas, 
electrode changes and slag removal interruptions are 
eliminated, thus permitting almost 100° arc time in 
using the high operating speeds. 
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SAVES 16 MAN-HOURS DING T . Dempster Brothers, 
Incorporated of eameliie, Tenn. ‘make rs of the nationally- 
known “Dempster-Dumpster” found Aircomatic welding 
cut their aluminum container manufacturing costs. 

The other method was slow — cumbersome, and ran the 
cost exceedingly high. With Aircomatic the same container 
was produced — at a welding cost reduction of approxi- 
mately 16 man-hours. 


Another important feature of Aircomatic welding isits 
minimization of distortion. This is due to its high speed 
operation (heat can be concentrated and moved rapidly 
along the work), plus the fact that a small amount of 
weld metal is all that’s required in most joints. 

The case studies on the opposite page show how this 
dramatic new welding process is helping others. While 
the facts and figures are startling, they could very easily 
be applied in your own shop .. . but find out for sure. 
Write ... or phone your nearby Airco office. Ask for a 
copy of ADR 66: “Aircomatic Welding Process”. 
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AVES 4!) HOURS... Martin-Quaid Co., of Philadelphia, Pa., 
used the New Aircomatic Process to reduce the time and 
cost of welding huge stainless steel cylinders used in the 
manufacture of carpets. They found this revolutionary 
process cut materials cost 25% ... and saved 41/2 hours 
working time over the old method — and, at the same time, 
greatly increased the quality of the finished product. 


. Griffin & Company, of Louisville, Ky., 
found Aircomatic’s high speed and the ability to make welds 
without interruption ideally suited to the fabrication of 
tanks for all-aluminum evaporative coolers. Production time 
and cost was cut to the minimum, and warpage and dis- 
tortion were completely eliminated. Thus far, the company 
has made hundreds of these tanks without a single leak. 


See Aircomatic in Gprerien at our Booth—No. 422 


Ar REDUCTION 


Offices in Principal Cities 


HEADQUARTERS FOR OXYGEN, ACETYLENE AND OTHER GASES 
. GAS WELDING AND CUTTING APPARATUS, AND SUPPLIES 


SEPTEMBER 1950 


Consolidated Welding and Engineer- 
ing Company, of Chicago, IIl., adopted the new Aircomatic 
process for welding aluminum separators. Immediately, 
major production and cost problems were solved: To weld 
one complete separator assembly took only 90 man hours 

about 1/5 the time of other methods. 

Further, Aircomatic’s high current density and the at 
tendant high welding speed confined the heating effects to 
the narrow weld-zone . .. completely eliminating distortion. 


. The Stewart-Warner Cor- 
poration, South Wind Division, Indianapolis, Ind., join the 
upper and lower-halves of its “Safe-Air Gas Home Heater” 
with the completely new, high-speed Aircomatic Process. 
This time-saving, cost-cutting process skyrocketed produc- 
tion 71% ... and cut manufacturing costs in proportion. 


Chicago National Metal Show October 23-27, 1950. 


CALCIUM CARBIDE .. . GAS CUTTING MACHINES 
. ARC WELDERS, ELECTRODES AND ACCESSORIES 
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Birmingham 


The following are the officers and chair- 
men of committees elected for the fiscal 
year by the Birmingham Section: Chair- 
man—Alfred E. Pearson, Ingalls Iron 
Works Co.; Ist Vice-Chairman—D. H. 
Curry, Chicago Bridge & Iron Co.; Secre- 
tary-Treasurer—E. D. MeCauley, Ameri- 
can Cast Iron Pipe Co.; Chairman, Mem- 
bership Committee—W. B. Browning; 
Chairman, Program Committee--J. Thomp- 
son Vann and Technical Representative— 
John E. Durstine, Lincoln Electrie Co. 


Cleveland 


The following officers and chairmen of 
committees have been elected by the 
Cleveland Section for the fiscal year: 
Chairman—J. C. Wyss; Ist Vice-Chair- 
man—F. G. Flocke; 2nd Vice-Chairman 
J. J. Jarms; Secretary-Treasurer—J. F. 
Wagner; Chairman, Membership Com- 
mitlee—W. F. Stewart; Chairman, Pro- 
gram Committee—F. G. Flocke, Technical 
Program, J. J. Jarms, Symposium Pro- 
gram and H. A. Hallstein, Coffee Program 
and Technical Representative—-K. C. 
Thornton, 


Columbus 


The following is the program of meetings 
arranged by the officers of the Columbus 
Section for the 1950-51 season. 

Oct. 13th—Plant Visit—Cooper-Besse- 
mer Corp., Mount Vernon, Ohio. Speaker, 
R. F. Kymer, Engineer, Cooper-Bessemer 
Corp. Subject, “Cost of Casting versus 
Fabrication.” 

Nov. 10th-—Student Section Meeting 
O.8.U., Columbus, Ohio. Speaker, V. A. 
Henry, Bendix Prod. Div., Bendix Avia- 
tion. Subject, “Welding Zine-Based Die 
Castings,”’ South Bend, Ind. 


Dec. 8th—Fort Hayes Hotel. Speaker, 
k. B. Lutes, Welding Engr., Arerods 
Corp., Sparrows Point, Md. Subject, 


“Are-Welding Electrode.” 

Jan. 12th—Fort Hayes Hotel. Speaker, 
Howard 8. Avery, Research Met., Ameri- 
ean Brake Shoe, Mahwah, N. J. Subject, 
“Hard-Surfacing.” 

Feb. 9th—A.S.M.—Joint Meeting 
Fort Hayes Hotel Speaker, Dr. M. 
Gensamer, Carnegie-Lllinois Steel, Pitts- 
burgh, Pa. Subject, “Steel Under Stress.” 

Mar. 9th—Fort Hayes Hotel. Speaker, 
Paul H. Setzler, Lima-Hamilton Corp., 
Hamilton, Ohio. Subject, “Stress Risers 
as They Affect Welded Design.” 

Apr. 13th—0O.8.U. Conference 
May 11th—Annual Meeting. 


S16 


Detroit 


The following officers and chairmen of 
committees have been elected by the De- 
troit Section for the fiseal year: Chair- 
man—E. B. Brown; Ist Vice-Chairman— 
Keith Sheren; 2nd Vice-Chairman—A. E. 
Lindsey, Ford Motor Co.; Secretary- 
Treasurer—J. R. Stitt; Asst. Secy.—J. M. 
Johnston, The Murray Corp. of America; 
Chairman, Membership Committee—B. R. 
Hawks, Ace Welding Supply, Inc.; Chair- 
man, Program Committee—Keith Sheren 
and Technical Representative—A. C. Good, 
Wayne University. 


Los Angeles 


The following officers and chairmen of 
committees have been elected by the Los 
Angeles Section for the fiseal year: Chair- 
man—Charles Schweitzer; 1st Vice-Chair- 
man—C. W. Johnson; Secretary-Treas- 
urer—Herbert Clemens, C. F. Braun & 
Co.; Chairman, Membership Committee— 
A. K. Brumbaugh, Jr.; Chairman, Pro- 
gram Commitiee—C. W. Johnston and 
Technical Representative—C. W. Johnston. 


Mahoning Valley 


The following officers and chairmen of 
committees have been elected by the 
Mahoning Valley for the fiscal year: 
Chairman—Harry E. Lyon; Ist Vice- 
Chairman—W. G. Dixon, American Weld- 
ing & Mfg. Co. and Secretary-Treasurer— 
O. H. Kuhlke, General American Trans- 
portation. 


Maryland 


The following officers and chairmen of 
committees have been elected for the fiscal 
year by the Maryland Section: Chair- 
man—G. FE. Claussen, Reid-Avery Co.; 
Ist Vice-Chairman—Fritz Albrecht; Secre- 
tary— Aldridge L. Lees; Chairman, Mem- 
bership Committee—Frederick E. Bryant; 
Chairman, Program Committee—Fritz Al- 
brecht and Technical Representative—Prof. 
T. B. Jones, The Johns Hopkins Uni- 
versity. 


Cumberland Valley Division of 
Maryland Section 


The following officers and chairmen of 
committees have been elected by the Cum- 
berland Valley Division for the fiseal year: 
Chairman—B. E. Wingert; Vice- 
Chairman—-R. F. Baughman; Secretary— 
J. E. Brenner; Treasurer—C. L. Snyder; 
Chairman, Membership Committee—F. 58. 
Barnitz; Chairman, Program Committee— 
Charles R. Berry and Technical Repre- 


Section Activities 


prepared by C. M. O'Leary 


sentative —J. F. Caughlan. 


Milwaukee 


The following officers and chairmen of 
committees have been elected by the Mil- 
waukee Section for the fiseal year: Chair- 
man—G. W. Peupold; 1st Vice-Chairman 

R. P. Walbridge; Secretary-Treasurer 
Frank Harencki; Chairman, Membership 
Committee—Donald G. Wilson; Chairman, 
Program Committee—R. P. Walbridge and 
Technical Representative--L. Grant. 


New Jersey 


The following officers and chairmen of 
committees have been elected by the New 
Jersey Section for the fiseal year: Chair- 
man--Walter Begerow, Air Reduction 
Sales Co.; Ist Vice-Chairman—Frank 
Yurasko, Standard Oil Development Co 
Secretary-Treasurer--P. M. Mattern, Wil- 
son Welder Co.; Chairman, Membership 
Committee—John E. Gunning, Electric 

re, Ine.; Chairman, Program Committee 
—Ken Koopman, The Linde Air Products 
Co. and Technical Representative—F. C. 
Fyke, Standard Oi] Development Co. 


Northwest 


The following officers and chairmen of 
committees have been elected by the 
Northwest Section for the fiscal year: 
Chairman—Dr. F. W. Scott, Marquette 
Mfg. Co.; 1st Vice-Chairman—E. L. Hix- 
son, Minneapolis-Moline Co.; Secretary- 
Treasurer—Lillian K. Polzin, Minne- 
apolis Chamber of Commerce; Chair- 
man, Membership Committee—Marshall H. 
Ford, Lincoln Electrie Co.; Chairman, 
Program Committee--E. L. Hixson and 
Technical Representative—E. L. Hixson. 


Northwestern Pennsylvania 


The following officers and chairmen of 
committees have been elected by the 
Northwestern Pennsylvania Section for 
the fiseal vear: Chairman—Ed J. Brown, 
Erie, Pa.; 1st Vice-Chairman—Fred T. 
Perry, Erie, Pa Secretary- Treasurer 
W. R. Boyd, Erie, Pa.; Chairman, Mem- 
bership. Committee—Robert J. Huston, 
r., Erie, Pa.; Chairman, Program Com- 
mittee—Fred T. Perry and Technical 
Representative —Robert K. Allen, Wesley- 
ville, Pa. 


Oklahoma City 
The following officers and chairmen of 


committees have been elected by the Okla- 
homa City Section for the fiscal year: 
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These Welders Produce mor e 
In less time 
with 
Worthington-Ransome 
Welding Positioners 


Model 5: 500 Ib Worthington- 


Ransome Welding Positioner 


Model IP: 100 ib Worthington- 
Ransome Welding Positioner 


wy; 


Model 400: 20-ton Worthington- 
Ransome Welding Positioner 


costs down and meet competitive neater, quicker welds 

prices 1s to have a Worthington- The full line of Worthington- 

Ransome positioner “‘handle” the Ransome positioning equipment 

work. Your welder can then get includes Positioners with capaci 

more arc time out of each work- ties from 100 Ibs to 20 tons; and 

ing hour. Turning Rolls with capacities 
All welds, either manual or au-_ from 3 tons to 75 tons, 

tomatic, can be made in the eco- both stationary and 

nomical ‘‘downhand”’ position, us- self-propelled. 


4 WORTHINGTON 


Welding Positioners 
Turning Rolls 


Worthington Pump and Machinery Corp 
Dunellen, N. J 


Please send Bulletin 210C on W »rthingtoa 
Ransome Welding Positioners 


WORTHINGTON PUMP AND MACHINERY CORPORATION yom 
; Welding and Assembly Positioning Equipment Division COMPANY 

ADDRESS 


DUNELLEN, NEW JERSEY 


SEPTEMBER 1950 817 
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Model 240: 12-ton Worthington-Ransome Welding Positioner Be a 
sure way todrive production ing heavier electrodes, for better # vt 
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With the develep- 
ment of coated elec- 
trodes, the use of 
a-¢ welders 
mercielly became o 
reolity. This 1934 
500-amp model 
weighed about 


9 This standard 300-amp a-c welder, though not big for its day, wes 
1 40 unwieldy and cumbersome compared to today's compact models. It 
weighed 600 pounds and sold for $410. 


1950 G-E welders give you— 
1. Automatic *Hot-Start’’ Control—ecasy arc-striking with no 
manual adjustment necessary. 
2. and tate Capacitors—assure a steady arc with no pop- 
s. 


3 G-E Silicone Insulation—Use of SILICONE insulation results 
in a lightweight, space-saving welder. Since this insulation 
is water-repellent and resistant to high temperatures, it 
offers maximum protection for both operator and welder 
Stepless Current Control gives you precise current settings 
over the entire wide range. 

Built-in Capacitors—teduce input current and improve power 
factor, reducing installation and power costs. 

Fan-forced Ventilation (in 400-amp ratings and larger 
maintains cool, safe operating temperatures. 


You can put your confidence in... 
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ei A pioneer in the development of 
a-c welding since 1919 GE. 1s 
constantly improving the perfor™ 
ance of its welders and has 
STEADILY pepuced prices! 
| wld Yor 
1940 
this 500-emp 
for $550. it was 
1949 
y 1949 the 
welder 500-amp 
lined yas stream 
7 and 
$495. was sold for 
2 
cm. 
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Today’s G-E Welders 
give you 6 


Major Improvements 
for Less Money 


200. 
00. Amp WELDERS 
Weighs only 154 


less than two fe Ibs. 


TOO 


9 Including many new features, which mean superior performance, this 
1 50 latest Type WK-30 welder weighs just 328 pounds and is sold 


for $310*—a reduction of 272 pounds and $100. duty cycle ite Ps and 


an weld 
many job Withous 


having to tie up 


large Units. 


Yes, General Electric welder design, performance, and appeat 
ance have been continually improved. With all of these im 
provements at less than pre-war prices, you just can't lose with 
a 1950 General Electric welder. Consult your nearest G-I 
Welding Distributor to determine the type and rating of welder 
best suited to your requirements; he can give you immediate 
delivery on all standard models. If you don’t know him, write 
us for his mame and address {pparatus Department, General 
Electric Company, Schenectady 5, N | 2 


*Prices ore manufacturer's suggested retail price in Zone 1. Slightly higher in 
other zones. 


ARC-WELDERS @ ELECTRODES @ ACCESSORIES © RENEWAL PARTS 


GENERAL wo) ELECTRIC 


SEPTEMBER 1950 
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35” a 
a 
of the money-saving features of the Standard 
G-rE 300-amp welde, With Current range 
from 30, NEMA rated 50%, 
ji 
| 
| 
i 
7 S19 
\ 


Chairman—-Bill Gleason; Ist Vice-Chair- 
man—-R. O. Jackson; 2nd Vice-Chairman 

Bill Klein; Secretary—L. D. Robson; 
Treasurer—Lon Erickson; Chairman, 
Membership Committee—Bob Hughes and 
Chairman, Program Committee— Bill Little- 
field. 


Pascagoula 


The following officers and chairmen of 
committees have been elected by the 
Pascagoula Section for the fiseal year: 
John F. Bryan, Jr.; /st Vice- 
Chairman—-Alexander Mair;  Secretary- 
Treasurer—Irwin W. Whittemore; Chair- 
man, Membership Committee—John 8. 
Howkins, Jr.; Chairman, Program Com- 


Chairman 


mittee Thomas J. Dawson and Technical 
Represeniative--William D. Pelan. 
Peoria 


The following officers and chairmen of 
committees have been elected by the 
Peoria Section for the fiseal year: Chair- 


man—D. F. MeCowan, Bartonville, 
Ist Viee-Chairman—M. Packer, Peoria; 
Secretary —K. Purcell, Peoria; Treasurer 


J. Hanley, Peoria; Chairman, Member- 
ship Committee—G. Deemy, Peoria and 
Chairman, Program Committee— Donald L. 
Stine, Peoria 


Pittsburgh 


The following officers and chairmen of 
committees have been elected by the Pitts- 
burgh Section for the fiseal year: Chair- 
man--T. W. Morgan, Armeo Steel Corp., 
Butler, Pa.: Ist Vice-Chairman H. 
Turnock; Secretary-Treasurer—J. F. Min- 
notte, Minnotte Bros. Co.; Chairman, 
Membership Committee—Chas. J. Burch, 
The Linde Air Products Co.; Chairman, 
Program Committee—F. H. Dill, American 
Bridge Co. and Technical Representative 
H. P. Schane, Mellon Institute of Indus- 
trial Research 


Portland 


The following officers and chairmen of 
committees have been elected by the Port- 
land Section for the fiseal year: Chair- 
man —Chas. J. Daniels, Beaverton, Ore.; 
Ist Vice-Chairman—E. Weil, Lincoln 
Kleetrie Co.; Raymond 
Howerton, Hyster Co.; T'reasurer-—Stan 
Richardson, Air Reduction Pacifie Co.; 
Chairman, Program Committee—Ed Weil 
and Technical Representative Leslie Poole. 


Secretary 


Puget Sound 


The following officers and chairmen of 


committees have been elected by the 
Puget Sound Section for the fiseal year: 
Chairman—Alex D. Sweek, Seattle, 
Wash.; 1st Vice-Chairman—Wm. Snider, 
University of Washington and Secretary- 
Treasurer—C. R. Goetjen, Seattle, Wash. 


Richmond 


The following officers and chairmen of 
committees have been elected by the Rich- 
mond Section for the fiseal year: Chair- 
man—Paul Hickman; [st Vice-Chairman 

Charles L. Williams, Richmond Strue- 
tural Steel Co.; 2nd Vice-Chairman 
John A. Richman; Seeretary-C. L. 
Mitchell, Welders Supply Co.; Treasurer 
—A. A. Adcock, Old Dominion Iron & 
Steel Corp.; Chairman, Membership Com- 


mittee——Lawrence Thomason, Southern 
Oxygen Co.; Chairman, Program Com- 
mittee—Frank Cervarich, Capital City 


Iron Works and Technical Representative 
Vaughan E. Calder, Jr. 
Roanoke 


The following officers and chairmen of 
committees have been elected by the 


Roanoke Section for the fiscal year: 
Chairman—R. P. Winton, Norfolk & 
Western Railway Co.; Ist Vice-Chair- 


R. M. Baldock, Norfolk & Western 
Railway Co.; 2nd Vice-Chairman—W. E. 
Rose, Virginia Bridge Co.; Secretary— 
R. W. Fronk, Roanoke Steel & Supply 
Co.; Treasurer-——U. N. Brenner, Roanoke 
Serap Iron & Metal Co.; Chairman, 
Membership Committee—R. P. Winton; 
Chairman, Program Committee—R. P. 
Winton and Technical Representative— 
R. M. Baldock. 


man 


St. Louis 


The following officers and chairmen of 
committees have been elected by the St. 
Louis Section for the fiscal year: Chair- 
man—R. K. MacIntyre, Shell Oil Co., 
Wood River, Ill; Vice-Chairman— 
D. Harrelson, Midwest Piping & Supply 
Co.; Secretary—-Jack Fox, Machinery & 
Welder Co.; Treasurer—P. W. Salsich, 
The Linde Air Products Co. and Technical 
Representative Richard W. Weeks, Shell 
Oil Co. 


Tri-State 


The following officers and chairmen of 
committees have been elected by the Tri- 
State Section for the fiseal year: Chair- 
man —Dana 8. Cope, Servel, Ine., Evans- 
ville, Ind.; Vice-Chairman—-k. E. 
Cashen, Evansville, Ind.; 2nd Vice-Chatr- 


K. Werling, Evansville, Ind.; See- 
Webb Niekamp, Evansville, Ind. 
Wilbur Seifert, Evans- 


man 
relary 
and T'reasurer 
ville, Ind. 


Tulsa 


The following officers and chairmen of 
committees have been elected by Tulsa 
Section for the fiscal year: Chairman 
F. D. Davenport, Maloney Crawford Co.; 
Ist Vice-Chairman—Frank Best, Flint 
Steel Co.; Secretary—L. F. Douglas, 
General Electrie Treasurer—-W. A 
Emery, Western Supply Co. and Technical 
Representative—John H. Tipton, Maloney 
Crawford Co 


Washington, D.C. 


The following officers and chairmen of 
committees have 
Washington, D. C. Section for the fiscal 
year: Chairman—E. M. MacCutecheon, 
Bureau of Ships, U.S.N.; [st Vice-Charr- 
man—W. P. Roberts, Southern Oxygen 
Co.; Secretary—Mrs. B. M. McPherson, 
B. & M. Welding & Iron Works and 
Treasurer—Paul Tarver, Silver Spring, 


Md. 


been elected by the 


Western Massachusetts 


The following officers and chairmen of 


committees have been elected by the 
Western Massachusetts Section for the 
fiscal year: Chairman—Carl A. Keyser, 


Ambherst, Mass.; /st Vice-Chairman —Lee 
Jaeger, Springfield; Secretary—Victor L 
Bissonnette, Springtield Treasurer 
Frank Taft, W. Springfield; Chairman, 
Membership Frank Tait; 
Chairman, Program Committee—Sidney 
Low, Indian Orchard and Technical Rep- 
resentatiwe—Carl A. Keyser. 


Committee 


Wichita 
The new membership chairman for the 


Wichita Section is E. A. Bussard of 
Wichita 


York-Central Pa. 


The following officers and chairmen of 
committees have been elected by the York- 
Central Pa. Section for the fiscal 
Chairman —Gus Ostrom, Abbottstown, 


year: 


Pa.; Ist Vice-Chairman—-David F. Wal- 
ters, York; Secretary—Robert Lucken- 
baugh, York; 7'reasurer—Charles Allen, 
York and Technical Representatin tich- 


ard K. Lee, York. 


Section Activities 
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CURRENT WELDING PATENTS 


Prepared by L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commission of Patents, Washington 10, DC, 


2,512,705 Gas-BLANK- 
Arc-WeLpInG Torcu—Nelson E. 
Anderson, Scotch Plains, and George R 
Turbett, East Orange, N. J., 
to Air Reduction Co., Ine., 
of New York. 

Arc-WELDING 
Tore H Nelson E Anderson, Scotch 
Plains, N. J. assignor to Air Reduction 
Co., Inc., a corporation of New York 


assignors 
a corporation 


These patents relate to special electrode 
holders wherein a collet is supported on a 
body portion, which collet axial 
opening therein for receiving the elec trode 
and also has resilient electrode-gripping 
jaws to hold the electrode in coaxial rela- 
tion with the body A collet 
sleeve is provided and has threaded con- 
with the body 
gages the jaws of the collet to press them 
against the the collet 
sleeve is screwed onto the body portion 
The body portion a collet-receiving 
socket formed thereon the collet is 
removably engaged with the body portion 
with different in- 


has an 


portion 


nection portion and en- 


electrode when 
has 
and 


whereby other collets 
ternal diameters can be engaged with the 
body portion for positioning other sizes of 
electrodes 


Gas-BLANK- 
Ne lson E 


assignor 


2,512,706 —-Water-CooLep 
Arc-WeELDING Torcu 
Anderson, Scotch Plains, N. J 
to Air Reduction Co., Inc., a corporation 
of New York 
This patent to Anderson relates to an 

electrode holder which has a barrel por- 

tion with a handle portion disposed at an 
angle to the barrel portion. Means are 
provided in the electrode holder for cir- 

the handle and 
ind for supplying 
the electrode 
holder which positions an electrode there- 


culating water through 
barrel portion thereof 
gas to the barrel portion of 


in 


2,513,240-—We.pep Sreev Pire —Erie G 
Hill, Wheeling, W. Va., assignor to 
Wheeling Steel Corp., Wheeling, West 
Va., a corporation of Delaware 
Hill's threaded 

pipe made from basic open-hearth steel 


The pipe has a specific chemical composi 


pipe is a welded and 


tion and is characterized by a sound weld 
and good field-threading properties 


Fiutep 
rropE—Franz R. Hensel, Earl I 
Larsen and Edman F. Holt, Indianap 
Ind., assignors to P. R. Mallory 
Indianapolis Ind., i 


2,513,323 


olis, 
«& Co., Inc 
poration of Delaware 


cor- 
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This 


sistance-welding 


for 
and it 


novel electrode is use in re- 


operations com- 
prises an ¢ longate d body h iving a cool int 
hole extending thereinto from end 
thereof. This hole terminates short of a 
contact surface formed at an opposite end 
of the elongated body and a plurality of 
directed flutes are 
formed on the inner surface of the hole to 


one 


spaced longitudinally 
increase the contact area for the coolant 


fluid 


Torcr 
Louis F. Himmelman, Teaneck, N. J 
This patented welding torch includes a 
hollow body having water inlet and outlet 
provided tubular chuck 
holder positioned within the body and 
makes a watertight connection therewith 
A chuek is secured in the chuck holder and 
hold an 


be circulated 


thereon and a 


18 adapted to receive ind elec- 


trode Water 
through the hollow body 


therein can 
ind gas can be 
supplied to the electrode carried by the 


chuck to surround same 


2,514,444—Mernop or Resistance WELpb- 
Cutan Linxs—Harry F. Dough- 
erty, York, Pa., assignor to American 
Chain & Cable Co., Ine sridgeport, 
, a corporation of New York 


ING 


Conn 


In this patent, a method of welding a 
link 


connecting 


metallic chain having semicircular 


sides is disclosed 


ind 
The link is supporte d in electrodes h iving 


ends 


recesses substantially encircling the semi- 
link, 
are formed to minimize the current flowing 
through the semicircular ends of the link 


circular ends of the which recesses 


1 potential difference be- 
The 
urged toward each other 
difference 
1 welding operation on a link 


upon creation ot 


tween the electrodes electrodes are 
ind a potential 


is set up therebetween to effect 


Torcn 


and Shirl 


2,514,741 —Cr 
Louis K. Bullman 
wood, Norfolk, Va 
The patented torch holder is adapted to 

work and in- 


Under- 


slide on the surface of the 
cludes a protractor plate that has an ar- 
about 


cuate slot extending along an are of 
180 


dinal 


about the medial longitu- 
holder in the interfacial 

holder and the work 
A bed-plate element is adjustably carried 
by the are and it has a torch tip supporting 
Additional 
means are provided for vertical adjustment 
carried by the 
work 


inscribed 
ixis of the 


plane between the 


eradle provided thereon 


of a torch tip apparatus 


with relation to the 


Current Welding Patents 


2,514,777—Tip ror Currinc Torcues 
Daniel A. Marra, Cheswick, Pa 
The torch tip of this patent includes an 
elongate inner tubular member which 
has a plurality 


ternal surface 


of grooves formed in its ex- 

An intermediate 
overlies the grooved portion of the inne 
gas 
tubular 


member 
member and forms with the grooves, 
passageways whereas an outer 
member is telescopically associated with 
the inner and intermediate members and 
forms with them a gas chamber from which 
the gas pass igewuys le ad 
2,514,990 Arc-WELDING Mask—Leon 
Dewan, New York, N. Y., 
one-half to Percival W 
York, N y 


Dewan's mask includes an 


assignor ot 
Andrews, New 
shield 
having a viewing aperture therein and a 
apertured shutter is the 


Driven ANSOCI- 


outer 
rotary within 
shield 
ated 

within the 


fan 
with the mask for circulating air 
shie ld 


means are 


Join R 


Ande reson, 


WELDING 

Wayne H 
assignors to General Motors Corp., 
Mich., a Dela- 


MACHINE 


Sheley, 


2,515,106 
Wirt and 
Ind., 
Detroit, 


ware 


corporation ol 


In this patent an apparatus for welding 


an electromagnet assembly is provided 
I 


which assembly includes a coil and a core 


having pairs opposite 


ends thereof 


of spaced tangs at 
having 


und base pairs of 


t opposite sides of a central 


Phe 
supporting the 


spaced ings O1 


thereof includes 
and the 


with the 


region 
means [or 


apparatus 
Dane 
assembled together 
tangs the 
Wedge and electrode means are provided 
for forcing the core 


core loosely 


core straddling base tangs 


tangs against the base 
also provided for 
to the 


tangs and means are 


supplying electri 
trodes to effect a 


current elec- 


weld between the tangs 


Arm- 


assignor to 


Mernop or Clap Piatt 
WELDING Frank W 
strong, Jr., Barberton, Ohio 
The Babcock & Wilcox Co 
New 
Armstro 
initially rolling 
over a metal sheet which ts superposed on 
plate \ 


welds are 


2,515, 176 


SISTANCE 


Rockleigh 
4 corporation of Jersey 

ng’s method includes the step of 
1 plurality of electrodes 


welded to 


and to be 


metal 
yt 


plurality of 
formed 


overlapping sp¢ 
in overlapped zones of the super- 
them 


imposed sheet secure 


The ~ spot welds are 
applying a relatively low 
ind eflecting @ 


ind plate to 
| formed by 


to the 


together 
pre ssure 
low 


electrodes relatively 


current flow in the electrodes and the work- 


821 


4 

| 

—— 

‘ 

= 


pieces and thereafter applying to the 
electrodes a much higher pressure during 
which much higher welding current flows 
between the electrodes and the work to 
complete a spot weld at a given zone. 


2,515,230 Apparatus FoR ELecrric 
WeLpING Seam Portions or Evectri- 
cALLY ConpuctinGc ArtTICLEsS— Lyman 
L.. Jones and George K. Barger, Seattle, 
Wash., assignors to American Can Co., 
New York, N. Y., a corporation of New 
Jersey 
This is a specific machine for welding 

the side-seam edges of tubular sheet-metal 
can bodies together and includes a pair of 
movable support heads for holding a pair 
of can bodies in opposed positions with 
their side-seam edges extending toward 
each other. Actuating means are pro- 
vided for moving the support heads along 
separate paths to progressively advance 
portions of the side-seam edges of each 
body through a projected point of inter- 
section of said paths of travel at which 
point the welding action occurs 


2,515,264. 
P. C. Rasmusen, Akron, Ohio, assignor 
to The Babcock & Wilcox Co., Rock- 
leigh, N. J., a corporation of New 
Jersey 
This patent relates to a resistance- 

welding machine which has a pair of 

electrically insulated rolling electrodes for 
contacting the work on the seme side 
thereof. A separate transformer is pro- 
vided for each electrode and the electrode 
constitutes a terminal of the secondary cir- 
cuit. The transformers and individual 
electrodes therefor form units which are 
mounted for independent vertical move- 

Flexible leads connect the second- 

aries of the units and constitute part of the 

secondary circuit for the pair of units and 
disposed between the 


ire operatively 
electrodes 


2,515,300 
BONDING 
Omaha 


HeatTinc APPARATUS FOR 
Merats Max Haber, 
Nebr., William B. Baker, 


Council Bluffs, Lowa and 
Schnavely, Cheyenne, Wyo. 


Lloyd J. 


A specialized type of heating apparatus 
including an externally threaded station- 
ary pedestal upon the upper end of which 
a workpiece is adapted to rest is covered in 
this patent. A plurality of burners are 
also supported by the apparatus. 


2,515,301-—Gas Torcu— Howard G. Hug- 
hey, Fanwood, N. J. assignor to Air Re- 
duction Co., Inc., a corporation of New 

York. 

A novel type of a gas torch is covered in 
the patent and includes a tip of the block 
type with means mounted on the torch for 
positioning one side of the tip with re- 
spect to the face of the workpiece to be 
operated upon. A work-engaging device 
is on the opposite side of the tip and a gas- 
distributing chamber and  gas-control 
valve are also present in the gas torch. 
Movement of the work-engaging device 
controls flow of gas through the gas supply 
means dependent upon the relative posi- 
tions of the work-engaging device and the 
block-type tip. 


FOR CONTROLLING 

ReLatTive Movement BeTween a Gas 

Torcu A Howard G. 

Hughey, Fanwood, N. J., assignor to 

Air Reduction Co., Inc., a corporation 

of New York. 

This apparatus is for thermochemically 
removing metal from a ferrous metal work- 
piece and includes a gas torch and means 
including an electric motor for producing 
relative movement between the torch and 
the workpiece. Other means supply cut- 
ting oxygen to the gas torch and control 
means including a circuit breaker are pro- 
vided in the circuit of the motor to render 
same inoperative W hen the oxygen pressure 
falls to a predetermined value, 


Arc Inert At- 
MosPHERES—John Frederick Lancaster 
and William King Bates, Marshall, 
London, England, assignors to A. P. V 
Co., Ltd., London, England 


2,515,559 


This patent is on a tungsten electrode 
which has therein 0.1 to 3% of finely di- 
vided thoria. 


2,515,634, 5, 6—CoNDENSER WELDING 
System—John W. Dawson, West New- 
ton, Hans Klemperer, Belmont, Mass. 
assigners to Raytheon Mfg. Co., New- 
ton, Mass., a corporation of Delaware. 
These patents cover a specialized elec- 

trical and condenser charging system and 
patent No. 2,515,636 is particularly di- 
rected to a welding system wherein at 
least one movable electrode is provided 
with control means for moving same, and a 
condenser is provided with a circuit for 
discharging into the weld load. Means 
responsive to the voltage on the condenser 
are provided to prevent operation of the 
electrode moving means when the con- 
denser is charged below «a predetermined 
level. 


2,516,016-—-Arc Apparatus 
William E. Pakala, Pittsburgh, Pa., 
assignor to Westinghouse Electric Corp., 
East Pittsburgh, Pa., 
Pennsylvania 


a corporation of 


Pakala’s patent covers the combination 
with an are-welding system of an auxiliary 
electrode which is disposed in an arcing 
relation with a main electrode. A high- 
frequency generator is connected to apply 
its voltage between the auxiliary and the 
welding electrodes. 


APPARATUS 
Clifton S. Williams, Pittsburgh, Pa., 
assignor to Westinghouse Electric Corp., 
East Pittsburgh, Pa., 
Pennsylvania. 


a corporation of 


This are-welding apparatus includes a 
main electrode connected to a single-phase 
source of welding current and an auxiliary 
electrode disposed in insulated relation to 
the main electrode and connected to the 
same source of welding current through an 
impedance device The auxiliary are is 
maintained between the main and auxili- 
ary electrodes only until an are is estab- 
lished 
workpiece 


between the main electrode and 
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No Stenotype Reporter 


All Technical Sessions will positively start on time 
Members desiring to discuss papers are urgently requested to 


® Welding and cutting demonstration will be featured at the National Metal 
Exposition held during the week in the Chicago International Amphitheatre 


TECHNICAL SESSIONS 


prepare discussion in writing in advance of the meeting and to send copies to Headquarters, 


as those preparing written discussion will be given preference at the session 


Members 


and guests giving extemporaneous discussion at meeting should forward a written discus 


WELDABILITY 
Ball Room 
Chairman—R. SOMERS 
Bethlehem Steel Co 
Co-Chairman L. C. BIBBER 
Carnegie Illinois Steel ¢ orp 
The Influence of Low-Temperature 
Cooling Rates Following Welding on 
the Ductility of Are Welds in Mild 
Steel 

by A. E. FLANIGAN, S. L. BOCARSKY 
and G. B. MceGUIRE, University of 
California 

The Effect of Nitrogen on Brittle 
Behavior of Mild Steel 

by G. H. ENZIAN and G. J. SALVAG- 
GIO, Jones & Laughlin Steel Corp 

The Micro-Mechanism of Fracture of 
Structural Steels in the Tension Im- 
pact Test 

by W. H. BRUCKNER, University of 
Illinois 

Influence of 
Brittleness 

by D. ROSENTHAL, 
California, and W. D 

Douglas Aircraft 


Biaxiality on Notch 


University of 


MITCHELL 


SEPTEMBER 1950 


sion as soon as possible after the meeting 


SUNDAY AFTERNOON, OCTOBER 22nd—5:00 P.M. 


President’s Reception 


Ball Room 


MONDAY MORNING, OCTOBER 23rd—9:30 A.M. 


Three Simultaneous Sessions 


RESISTANCE WELDING 
Louis XVI Room 
JACK OGDEN 

Fisher Body Div., General Motors Corp 


Co-Chairman —R. E. POWELL 
Western Electric Co 


Chairman 


Development of Production Welding 
Techniques 
by J. RAYMOND WIRT, Delco-Remy 


Division, General Motors Corp 


Spot Welding of Thin Materials with 
Short Time-Constant Equipment 
by FRANKLIN PAGE, JR., Du Fresne 
and Page Engineering Co., and FRANK 

JOHNSON, Unitek Corp 


Problems in the Design and Operation 
of Tube Mills for High-Speed Pro- 
duction 

by DONALD H. FLEIG, American Elec- 
tric Fusion Corp 


The Spreading Kesistance of Contacts 
by DR. W. B. KOUWENHOVEN, The 
Johns Hopkins University, and W. 1 
Memorial 


SACKETT, JR Battelle 


Institute 


SURFACING 
Crystal Room 


Chairman—T. B. JEFFERSON 
The Welding Engineer 


Co-Chairman —R. L. TOWNSEND 


weco Products Co 


Some Characteristics of Composite 
Tungsten Carbide Weld Deposits 
by H. Ss. AVERY, American Brake Shoe 

Company 


Hard Facing of Steam Valve Seats and 
by 0. E. SWENSON, U.S. Naval Engi- 


neering Experiment Station 


New Production Applications of Hard 
Facing 

by ELDON C. HURT, Haynes Stellite 
Division, Union Carbide and Carbon 
Corp 


The Present Status of Composite 
Metal Fabrication by Are Welding 
by H. E. CABLE, The Lincoln Electric 


Company 


| 
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| 
» 
| 
S25 


MONDAY AFTERNOON, 


FLAME HARDENING 
Crystal Room 
Chairman —A. F. CHOUINARD 
National Cylinder Gas Co. 
Co-Chairman C. BREKELBAUM 
Harnischfeger Corp. 
Commercial Flame Hardening 
by E. J. COX, Pittsburgh Commercial 
Heat Treating Co. 
Flame Hardening of Large Surfaces 
by J. J. BARRY, Air Reduction Sales Co. 
Production Flame Hardening 
by MILTON GARVIN, Cincinnati Mill- 
ing Machine Co. 


PANEL DISCUSSION ON RECOMMENDED PRACTICES FOR RESISTANCE WELDING 


ARCS, ELECTRODES & FLUXES 
Louis XVI Room 
Chairman—C. I. MAC GUFFIE 
General Electric Co. 
Co-Chairman——H. E. ROCKEFELLER 
The Linde Air Products Co. 
Research Techniques for Study of 
Arcs in Inert Atmosph 

by ROGER H. GIL CerTe The Linde 
Air Products Co., and R. T. BREY- 
MEIER, Union Carbide and Carbon 
Research Labs., Inc. 

Aluminum-Magnesium Filler Metals 
for Welding High-Strength Alu- 
minum Alloys 

by R. D. WILLIAMS and D. C. MAR- 
TIN, Battelle Memorial Institute 

Characteristics of Inert-Gas-Shielded 
Metal Arcs 

by ALBERT MULLER, G. R. ROTHS- 
CHILD, and W. J. GREENE, Air Re- 


duction Co., Inc. 


OCTOBER 23rd—2:00 P.M. 
Three Simultaneous Sessions 


RESEARCH 
Ball Room 
Chairman—PERRY R. CASSIDY 
Babcock & Wilcox Co. 


Co-Chairman—F. L. PLUMMER 
Hammond [ron Works 


Room Temperature Tensile Tests as 
an Index of Transition Temperature 
of Steel Plates 

by S.S. TOR, R. D. STOUT and BRUCE 
G. JOHNSTON, Lehigh University 


Fabrication 
Division, PV 


by Y C. BOARDMAN, Chicago Bridge 
& Iron Co. 

Plastic Deformation of Weldments 
Under Combined Stresses 

by WILLIAM 8. PELLINI, and C. E. 
HARTBOWER, Naval Research L ab- 


oratory 


-2:00 P.M. 


SPONSORED BY A.W.S. RESISTANCE WELDING COMMITTEE 


Bal Tabarin Room 


Chairman—J. HEUSCHKEL, Westinghouse Electric Corp. 


Co-Chairman—J. J. 


Historical Background 

by WILSON SCOTT, Westinghouse Elec- 
tric Corp. 

Keynote of Quality 


by R. T. Gl ‘LETTE, 


‘o. 


General Electric 


Aluminum and Magnesium Alloys 
by W. J. WILSON, Lavelle Aircraft Corp. 


Copper Alloys and Dissimilar Non- 
ferrous Metals 
by J. B. WELCH, Cutler-Hammer, Inc. 


Carbon and Low-Alloy Steels 

by J. HEUSCHKEL, Westinghouse Elec- 
tric Corp. 

Nickel and Nickel Alloys 

by R. M. WILSON, Jr., The International 
Nickel Co. 


Summary and Adjournment 


MAC KINNEY, The Budd Co. 


Stainless Steels 


by J. J. MAC KINNEY, 


Coated Materials 
by E. A. BUSSARD, Coleman Co., Inc. 


High-Speed Motion Pictures 


The Budd Co 


MONDAY AFTERNOON—4:30 P.M. 


EDUCATIONAL LECTURE SERIES —Chairman -DR. GILBERT 


Louis XVI Room 
Presiding —FRED L. PLUMMER 
Hammond Iron Works 


Aluminum: Properties, Design, Pro- 
cedure, Inspection and Application 


by G. O. HOGLUND, Engineer, Alumi- 


num Company of America 


DOAN 


MONDAY EVENING, OCTOBER 23rd—8:00 P.M. 


Chairman B. J. FRASER 
President, American Welding Society 


by C. 


AWARD OF PRIZES AND MEDALS 


1950 ADAMS LECTURE 


Dynamic Characteristics of DC Weld- 


ing Machines 
H. JENNINGS, 
Electric Corporation 


Westinghouse 


Co-Chairman —H. MORRISON 
Chairman, Convention Committee 


THe WELDING JouRNAL 


4 
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PIPE FABRICATION 
Crystal Room 
Chairman—D. H. COREY 
The Detroit Edison Co 
Co-Chairman—E. RK. SEABLOOM 
Crane Company 
Development of Welding Procedure 

for High Pressure, High Temperature 
Steam Piping 
by N. L. NAVARRE, U. S. Naval Engi- 


neering Experiment Station 


Fabrication and Welding of High 
Pressure-High Temperature Alloy 


Piping 

by ri J. IRRGANG, Jr., W. K. Mitchell 
& 0, 

Design and Installation of Large 
Diameter, Long Span, Welded Pipe 

by HORACE JACKSON, Thompson 
Pipe and Steel Co. 

Welding of Heavy Wall Type 347 Stain- 
less Steel Pipin 

by Rk. W =MERSON, 

Piping & Equipment Co. 


Pittsburgh 


RESISTANCE WELDING 
Crystal Room 


Chairman —-B. L. WISE 
National Electric Welding Mach. Co 


Co-Chairman—J. F. RANDALL 
Ford Motor Co. 


Optimum Flash Welding Conditions 
for Aluminum Alloys —The Impor- 
tance of Upset Variables 

by E. F. NIPPES, W. F. SAVAGE, P. 
PATRIARCA and J. J. McCARTHY, 
Rensselaer Polytechnic Institute 


Flash Welding Nonferrous Ma- 
terials 
by F. L. BRANDT, JR., Thomson Elec- 


tric Welder Co 


Spot Welding of Scaly Heavy-Gage 
Structural Steel 


by FE. F. NIPPES, RAMSEY and J. G. 
MACIORA, Rensselaer Polytechnic 
Institute 


SEPTEMBER 1950 


TUESDAY MORNING, OCTOBER 24th—9:30 A.M. 


Three Simultaneous Session 


RESISTANCE WELDING 
Louis XVI Room 
Chairman—T. EMBURY JONES 
Precision Welder & Machine Co. 
Co-Chairman—R. C. MC MASTER 
tattelle Memorial Institute 
A Practical Method for Obtaining 
Consistent Resistance Welds 

by J. W. KEHOE, Westinghouse Electric 
Corp 

Variables in Cross-Wire Welding Dis- 
similar Metals 

xy GOODMAN, 


Electric Corp. 


Westinghouse 


Resistance Spot and Seam Welding of 
Aircraft Materials Using DC Cur- 


rent 

by J. H. COOPER, The Taylor-Winfield 
Corp. 

The Projection Welding of 0.010- and 
0.020-In. Steel Sheet 

by E. F. NIPPES, J. M. GERKEN and 
J. G. MACIORA, Rensselaer Poly- 


technic Institute 


TUESDAY AFTERNOON, OCTOBER 24th—2:00 P.M. 


Three Simultaneous Sessions 


DESIGN 

Special Luncheon—12:30—Bal Tabarin 
Room 

Introduction—H. R. MORRISON 

Design for Production Economies 

by G. F. NORDENHOLT, Editor, Prod- 
uct Engineering 

Technical Session: 
duction Economies 

Louis XVI Room 

Chairman—G. F. NORDENHOLI 


Product Engineering 


Co-Chairman —-H. W. PIERCE 
New York Shipbuilding Corp. 
Organization for Design for Produc- 
tion Economy 

by T. J. CRAWFORD, Consulting Engi- 
neer 

Economies Accomplished by Redesign 
for Welding 

by KENNETH JACKSON, Caterpillar 
Tractor Co 

Applications of Welded Design for 
Cost Reduction 

by R. H. BENNEWITZ, The Linde Air 


Products Co 


Design for Pro- 


TUESDAY AFTERNOON—4:30 P.M. 


EDUCATIONAL LECTURE SERIES 


DR 


Chairman 


Bal Tabarin Room 
Presiding —D. H. COREY 
Detroit Edison Company 


Copper: Properties, Design, Proce- 
dure, Inspection and Application 
by J. Ro. HUNTER, Manager. Welding 
Section, Research Department. Revere 

Copper and Brass Co., Inc 


GILBERT E 


SHIP STRUCTURE 
Ball Room 
CAPT. C. M 

Bureau of Ships 

Co-Chairman—COMDRK. BR. D. 

SCHMIDTMAN, U.S. Coast Guard 


Work of the Ship Structure Commit- 


Chairman 


tee 
by REAR ADMIRAL K. kK. COWART, 


|, S. Coast Guard 


Welded Reinforcement of Openings 
in Structural Steel Members 

by D. VASARHELYI, and R. A. 
HECHTMAN, University of Washington 

The Determination of Initial Stresses 
and Results of Tests on Steel Plates 

by PROF. E. W. SUPPIGER, DR. 
CARLO RIPARBELLI and E. R. 
WARD, Princeton University 

Some Metallurgical Aspects of Ship 
Steel Quality 

by H. M. BANTA, R. H. FRAZIER and 
DR. C. H. LORIG, Battelle Memorial 
Institute 


SHIP STRUCTURE 
Bal) Room 
Chairman—D. P. BROWN 
American Bureau of Shipping 

Co-Chairman—FINN JONASSEN 

National Research Council 

Notch Sensitivity of Welded 
Plate by Explosion Test 

by G. 8S. MIKHALAPOV, Metallurgical 


Research and Development Co., Inc 


Ship 


Stress Studies of Welded Ship Struc- 
ture Specimens 

by WM. R. CAMPBELL, Engineering 
Mechanies Section, National Bureau of 
Standards 


The Distribution of the Locked-In 
Stresses in a Large Welded Steel 
Box Girder 

by JOHN VASTA, 
Navy Department 


Bureau of Ships, 


DOAN 


4 
4 


Introduction 

by C. D. EVANS, !nternational Har- 
vester Co. (Chairman, Technical Ac- 
tivities Committee) 


n 

by J. J. CHYLE, A. O. Smith Corp. 
(Chairman, Automotive Welding Com- 
mittee) 


Chairman—C. D. EVANS, Chairman, 
Co-Chairman—S. A. GREENBERG, Technical Secretary, A. W. 5. 


TUESDAY EVENING, OCTOBER 24th—8:00 P.M. 


Applied Welding Engineering 
A Symposium on Proper Application of Welding Processes 
SPONSORED BY A.W.S. TECHNICAL ACTIVITIES COMMITTEE 


Bal Tabarin Room 


. N. KUGLER, Air Reduction Sales 
Ps (Chairman, A.W.S. mmittee on 
Brazing and Soldering) 


Workmanshi 
by R. W. CLARK, General Electric Co. 
(Chairman, A.W.S. Committee on 


Standard Qualification Procedures and 
A.W.S. Army Ordnance Advisory Com- 
mittee) 


Technical Activities Committee 


Inspection 

by LYELL WILSON, Consulting Engi- 
neer (Vice-Chairman, Technical Ac- 
tivities Committee and Chairman, 
A.W.S. Committee on Welding in 
Marine Construction) 


weer 
by GREENBERG, Technical 
American Welding So- 
ciety 
Discussion 


WEDNESDAY MORNING, OCTOBER 25th—9:30 A.M. 


RESEARCH 


Louis XVI Room 
Chairman —G. CLAULSSEN 
Reid-Avery Company 


Co-Chairman ©. T. BARNETT 
Metal & Thermit Corp 


The Rotary Electrode for Manual 
Metallic Ave Welding 
by PROF GILBERT Ss. SCHALLER, 


Lniversity of Washington 


Effects of Reduced Atmospheric Pres- 
sures on Are Welding Characteristics 

by M. L. BEGEMAN, B. H. AMSTEAD 
and MASHRUWALA, Dept. of 
Mechanical Engineering, The Univer- 
sity of Texas 


Transformation of Austenite in a 
Manganese-Molybdenum Steel De- 
posited as Weld Metal 

by O. O. MILLER, KRISTUFERK 
and KR. H. ABORN, United States Steel 
Corp 

Stress Relieving and Fracture 
Strength 

by D. SWAN, ALR. LYTLE and C 
MC KINSEY, Union Carbide & Car- 


bon Res. Labs., Ine 


Three Simultaneous Sessions 


EDUCATION 
Ball Room 
Chairman—R. 5. GREEN 
Ohio State University 
-Chairman M. L. BEGEMAN 


‘he University of Texas 


SYMPOSIUM ON THE NEED OF 
PROFESSIONAL TRAINING FOR 
THE WELDING ENGINEER 

Employer Point of View: 
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Supplement to The Welding Journal, September, 1950 


by D. Rosenthal and W. D. Mitchell 


Abstract 


The embrittling effect of a notch, or the so-called notch sensi- 
tivity, in mild-steel flat specimens subjected to tension and bend- 
ing has been investigated by means of the ductility transition 
temperature, i.e., the temperature or range of temperatures below 
which the specimens exhibited a marked loss of ductility. The 
following variables were studied: (a) thickness of the specimens, 
(b) depth and (c) the radius of the notch. However, the last two 
quantities were varied in such a way as to keep constant the value 
of the stress-concentration factor at the bottom of the notch 
This factor is defined as the ratio of the actual stress at the bot- 
tom of the notch to the stress which would have existed at this 
point in the absence of the notch It was found that, as the 
specimens became thinner, the transition temperature ap- 
proached the same value regardless of the depth and radius of 
notch. On the other hand, as the specimens were made thicker, 
the deeper notches gave higher transition temperatures than the 
more shallow ones despite the same value of the stress-concentra- 
tion factor. On the basis of the above results it was concluded 
that the combined increase of thickness of specimen and depth of 
notch created a triaxial stress field below the surface of the notch 
and that the degree of triaxiality of this field was the major factor 
responsible for the notch sensitivity Further tests are necessary 


to clarify the significance of the stress-concentration factor. 
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The Influence of Biaxiality on Notch Brittleness 


» In determining ductility transition temperature restraint 
to plastic flow is determined not only by stress concentra- 
tion but also by the state of stress in the notched section 


Rosenthal, Mitchell—Notch Brittleness 


INTRODUCTION 


HE failure of welded structures in recent years has 
directed much attention to the study of notch 
embrittlement and its causes. The reason for this 
trend lies in the fact that almost every welded joint 

by virtue of its geometry acts as a notch in so far as the 

mechanical behavior of the structure is concerned. 

Tests performed on full-scale welded sections * have 

been instrumental in demonstrating the role of the 

geometry in the phenomenon of embrittlement of mild- 

steel weldments. But they have been less appropriate 

to a detailed analysis of the embrittling factors of a 

purely geometrical nature owing to the presence of 

other factors, e.g., of a physico-chemical nature, which 
accompany the welding operation. In order to obtain 

a clear understanding of the geometrical factors of 

embrittlement the recourse to a specimen in which the 

notch is the only, variable involved appears necessary. 

One factor which in the past investigations of the 
notched specimen has received more attention than any 
other is the stress raiser, or stress concentration as pro- 
duced by the notch. This factor is defined as the ratio 
of the stress at the bottom of the notch to the stress 
which would have existed at this point without the 
notch for the same applied load. For the purpose of 
computation a purely elastic behavior is assumed; yet 
there is sufficient evidence which has also been corrob- 
orated by the present work,** that even in the case of 
the most brittle type of fracture a nonnegligible amount 
of plastic deformation exists at and near the notch. 


** See Appendix 3 
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This finding casts considerable doubt on the validity 


of the above computation. 


A second factor of embrittlement, as pointed out by 
Holloman,’ is the increase of strain rate resulting from a 
higher strain, or strain concentration, at the base of the 
notch. Unlike the stress concentration, the strain- 
concentration concept appears to be valid in the plastic 
range.'? However, previous investigations have indi- 
cated that an increase of strain rate by as much as a 
multiple of five is insufficient to account for the great 
difference in the embrittlement of notched and un- 
notched coupons. Thus the presence of a notch must 


produce other effects beside 
the increase in strain rate. 
A third embrittlement 
factor was demonstrated by 
Maurer and Mailander.’ It 
is the increase of the thick- 
ness of flat-notched cou- 
pons. This factor has been 
discussed by Zener and 
Holloman! who have attri- 
buted the phenomenon to 
the presence of a biaxial 
state of stress at the notch. 
It is known that in a two 
dimensional stress field the 
onset of plastic flow can oc- 
cur at a higher value of the 
maximum normal stress. 
On this basis the increase of 
embrittlement could be at- 
tributed to the fact that the 
maximum normal stress has 
approached closer to some 
critical value of fracture. 
In addition to the above 
factors, a biaxial state of 
stress exists on the face of a 
flat-notched coupon, which 
is a function of the depth 
and sharpness of the notch. 
Recently," the question was 
raised as to how much the 
above state of stress would 
influence the embrittlement 
of a notched coupon. In 
view of the lack of a clear 
indication in the literature 
an attempt has been made 
in the investigation re- 
ported herein to obtain 
more conclusive evidence on 
the influence of this factor. 


THE EMBRITTLE- 
MENT OF STEEL: THE 
DUCTILITY TRANSI- 
TION TEMPERATURE 


It is known!' that a steel 


410-s 


structure at normal temperatures will absorb a large 
amount of energy before failure occurs, but as the tem- 
perature is lowered the amount of energy decreases in 
a rather unpredictable fashion, depending upon the 
characteristics of the steel, the method of fabrication 
(welded or not welded) and the type of loading. 
Simultaneously with the drop of energy, a change 
in the mode of fracture is observed. As the tempera- 
ture is lowered a change from a fibrous (shear mode) 
to a granular (cleavage mode) fracture occurs over 

a certain temperature range. A drop of absorbed 

energy also occurs over this range, but as pointed 


! ut 


Fig. 1. The ductility transition, specimens I and Il, and the fracture transition, 
specimens HI and IV, in notched tensile specimens 
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Fig. 2. Details of modified Charpy-impact specimens 
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out by Vanderbeck and Gensamer,’® in many types of 
test specimens the total energ, absorbed in a granular 
type of fracture is still a high percentage of that 
absorbed in the fibrous fracture, cf. Fig. 1. As the 
temperature is lowered still further, the absorbed 
energy continues to decrease. For some specimens 
and some steels a point is reached at which the energy 
absorbed drops suddenly to an extremely low value and 
remains at very nearly this value for all lower tempera- 
tures. The latter drop in energy has been called*® the 
transition to a brittle fracture, or for simplicity the 
ductility transition, while the former has been designated 
as the fracture transition. Thus with some specimens 
there are two distinct transitions, for others the two 
may coincide or so very nearly coincide as to appear as 
one. 

Because of this particular influence of temperature on 
the amount of deformation of steel before fracture, the 
transition temperature appears as a convenient indicator 
of the embrittlement. Thus a shift of the transition 
temperature toward higher values would indicate 
that the factors involved favor embrittlement, and vice 
versa. As will appear later, all our specimens exhibited 
a more or less sudden decrease of energy absorption in a 
certain range of temperature. Therefore, we have 
adopted the ductility rather than the fracture transition 


temperature as an indication of brittleness 


SELECTION OF SPECIMENS 


For the purpose of comparison all specimens were 
designed upon the Neuber theory’ with the same stress- 
concentration factor equal to three. This factor may 
be represented as a function of two ratios: a/p and 
t/p, where a is the depth of the material behind the 
notch, ¢ is the depth of the notch and p is the radius 
of the notch, Fig. 2. 
face of the specimen was varied by modifying the depth 


The degree of biaxiality on the 


of the notch, while the degree of biaxiality normal to 
the face was varied by making the specimens more or 
less thick. Accordingly, three types of specimens in 
various thicknesses were chosen: a shallow notch in 
which the concentration is primarily produced by the 
variable ¢/p, a deep notch in which the stress raiser is 
essentially a function of a/p and a medium notch in 
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Fig. 3. Details of double-notched impact specimens 


which both variables are of equal importance. 

Due to the large number of specimens required for the 
tests it was decided to perform the main investigation 
with a series of impact bend specimens and to check 


the results with a series of tensile coupons. 


Impact Specimens 


\ keyhole notched-bar type of specimen was em- 
ployed which was slightly larger than the standard 
Charpy impact specimens to facilitate machining 
operations, Fig. 1. As mentioned previously, three 
different types of notches were designed to produce 
varying degrees of biaxiality in the notched section. 
The following are the parameters of the three types of 


notches 


lable l—Notch Parameters 


Depth of 
Depth of — section behind 
notch the notch + Radius 
t, on a, p t p 
Shallow notch 0.44 0.500 0.023 1.91 21.7 
Medium notch 0.113 0.500 0.035 3.23 14.3 
Deep notch 0.435 0.500 0.0388 11.4 18.2 


lo determine the effect of the thickness at the base of 
the notch the three types of notches were machined in 
four different specimen thickness of 7 1¢ a, */s 
and '/, in. Thus the following thickness to radius 


ratio was produced at the base of the notch 


Table 2—Thickness to Radius Ratio 


Radius Thickness, in 
4 4 2 
Shallow notch 0.023 2.72 5.43 10.9 21.8 
Medium notch 0.035 1.80 3.58 7.15 14.3 
Deep notch 0 038 1 65 3.30 6.60 13.2 


A second series of notched impact specimens was 
designed as a pilot investigation for the series of tensile 
coupons to follow The double-notched ¢ oupon Fig. 3 
was chosen in three depths of notch. The specimen 
was impacted on one of the unnotched faces, thus pro- 


ducing on the opposite face 4 state of stress which was 
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Fig. 4 Details of small tensile coupons 


believed to simulate to some extent the stress state in 
the notched section of a very thin tensile coupon. The 
details of the notched section were scaled down in the 
ratio of 2:1 from the small tensile coupons. 


Small Tensile Coupons 


The series of tensile coupons, Fig. 4, have been in- 
cluded in this investigation as a spot check on the impact 
test. The notches were designed in the same manner as 
for the impact specimens, i.e., with a theoretical stress- 
concentration factor of three which was controlled by 
the variables t/p and a/p as in the impact specimens. 


The small tensile coupons were made in only one thick- 
ness 7’ = 0.167 inches. The notch parameters were as 
follows: 


Table 3—Notch Parameters of Tensile Coupons 


Depth of 
Depth section behind 
of notch the notch Radius 
t, in. a, mn. p, mm. 
Shallow 
notch 0.043 0.333 0.0275 
Medium 
notch 0.103 0.333 0.043 
Deep 
notch 0.667 0.333 0.060 


A photoelastic investigation has been performed* 
upon the tensile coupons to determine the elastic state 
of stress in the notched section and also to obtain a 
check of the theoretical stress-concentration factor. 
The stresses so determined are presented in Figs. 5 to 7. 
The maximum principal stress, in this case the longi- 
tudinal stress, is designated as p, and the transverse 
stress as q. 


Large Tensile Coupon 


One large coupon of the deep-notch type, which was 
scaled upward in the ratio of 4.5:1 from the smaller 
coupons was tested to obtain a spot check of the size 
effect phenomenon. 


* See Appendix 2 


STRESS 


3 


OEP NOTCHED TENSKE COUPON 


MEDIUM NOTCHED TENSILE COUPONS 


SHALLOW NOTCHED TENSLE COUPON 


Fig. 5 Elastic state of stress in deep- Fig. 6 Elastic state of stress in the Fig. 7 Elastic state of stress in the 
notched tensile coupon as determined medium notched tensile coupon as shallow-notched tensile coupon as 


by photoelasticity 


determined by photoelasticity 


determined by photoelasticity 


Table 4—Charpy Transition Temperatures 


A.S.T.M. A201A 
A.S.T.M. A285C 
Rimmed steel E 


—30° to —40° F. 
—24° to —32° F. 
20° to — 10° F. 


Chemical Analyses/ 


Ss 

A201A NSt f 56 0.017 ND 
MT 0.015 0.029 

A285C NS 0: 36 0 020 0.021 
MT 2 36 0.015 0.027 

bE NS 2 0.014 0.035 
MT ‘ 0.014 0.036 


Mo N 
0.002 0.006 
0.001 0.006 
0.001 0.006 
0.002 0.006 
0.013 0.006 
0.03 0.012 0.006 


* Obligingly communicated by A. Ek. Flanigan 


t NS = near surface, MT = mid thickness and ND = not determined. 
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| de 20 — 055 om 
| 1.56 12.1 6.08 
: 2.40 7.75 3.88 
| | 11.1 5.55 2.78 
| 
} 
30 32 | 
| 
| 
Si Sn Cu Ni 
0.21 0.015 0.12 0.07 
0.22 0.015 0.08 0.08 
0.003 0.015 0.14 0.14 
0.005 0.020 0.07 0.14 
0.03 ND 0.15 0.07 
0.03 ND 0.15 0.07 


MATERIAL AND PREPARATION OF SPECIMIEN 


The primary steel used in the impact investigation 
was A.S.T.M. A201A, firebox quality steel from the 
Kaiser Fontana mill. To determine the effect of a 
change in material a second steel A.S.T.M. A285C was 
tested \ third steel, rimmed steel “EE” 


from the U 


Was procured 
. 8. Coast Guard for the tensile tests. The 
transition temperatures as indicated by the standard 
keyhole notch Charpy specimen and the chemical 
analyses of the three steels are as shown in Table 4 

In the machining of the specimens special care was 
taken to insure uniformity. All flat surfaces were 
ground by a surface grinder with coolant to prevent 
overheating the material. The notches were formed 
by jig drilling then sawing into the hole and then 
filing the slot tangent to the diameter 

For all specimens the notched section was perpen- 
dicular to the direction of rolling, and the notch was 
In the 
machining of the small tensile coupons the material 


drilled in the thickness direction of the plate. 


was removed equally from each side of the plate 
Thus, the material of the specimen Was that of the core 
of the rimmed plate. The large coupon was cut from 
the */,-in. stock with no machining operations per- 


formed on the face of the coupon. 


EXPERIMENTAL PROCEDURE 


Impact Specimens 


The impact specimens were tested at temperatures 
ranging from room temperature to 200° F. in a 
standard 110 ft.-lb. Charpy-impact machine equipped 
with modified jaws to accommodate the increased length 
of the test pieces. A simple bath of dry ice and aleohol 
was used to cool those specimens tested above 90° F 
Below — 90° F 


bath of petroleum ether refrigerated by passing liquid 


the specimens were cooled mm it simple 


nitrogen through a coil submerged in the ether. The 
temperature at impact was determined as follows: a 


thermocouple was imbedded in a dummy 


specimen, 


Fig. 8 Experimental setup for recording deformation and 
load on a double-channel brush oscillograph 


Specimen equipped with a «pecial clip gage 
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which was similar to the test specimens and immersed 
in the bath with them. For each specimen tested a 
record was made of the temperature of the dummy speci- 
men as well as the time required to place and impact the 
specimen in the testing machine. The temperature of 
the testpiece was then determined by correcting the 
temperature indicated by the dummy for the tempera- 
ture rise incurred in placing the testpiece, as computed 
from the experimental heating curves 

The energy absorbed at failure Wiis recorded for all 
specimens, but, in order to establish two independent 


criteria for the transition temperature, Tor several series 
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Fig. 9 Deep-notch impact results. Steel A.S.M. A201A 
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of specimens the per cent thickness contraction at the 
base of the notch also was recorded. 


Small Tensile Coupons 


The small tensile coupons were cooled by a liquid- 
nitrogen spray apparatus while in place in the 60,000- 
lb. Baldwin testing machine. The apparatus consisted 
of a small tank enclosing the notched section into which 
a stream of liquid nitrogen was directed on the specimen 
| in. above the notched section and collected 1 in. 
below the notched section. The small tank was 
formed from aluminum of sufficient thickness ('/, in.) 
for the heat to be extracted from both faces of the speci- 
men. In this manner a more nearly uniform tempera- 
ture distribution in the notched section was produced. 
The indicated temperature was measured by a ther- 
mocouple imbedded at the edge of the coupon at point 
A, Fig. 4. Reference is made to the Appendix | for the 
correction of the indicated temperature and the experi- 
mentally determined temperature distribution in the 
notched section. 

As in the case of the impact specimens, two independ- 
ent criteria for the determination of the embrittlement 
temperature were established: the per cent thickness 
contraction at the notch and the deformation across 
the notched section, measured in the longitudinal 
direction. A special clip gage was used for the latter 
purpose, Fig. 8. The deformation was recorded on a 
double-channel brush oscillograph simultaneously with 
the load, which was picked up by a calibrated strain 
gage link. The per cent thickness contraction was 
measured to an accuracy of 0.001 in. by a traveling 
microscope. The strain rate in the elastic range, aver- 
aged over the notched cross section, was about 10~* per 


second. 


Large Tensile Coupon 


The large tensile coupon was cooled in place in the 
200,000-Ib. Baldwin testing machine by a liquid-nitrogen 


spray apparatus, patterned after the unit developed 
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at the University of California at Berkeley.* The 
liquid nitrogen was forced through the spray lines by 
controlling the pressure in the Dewar flask with a 
bottle of pressurized dry nitrogen and a mercury 
manometer. Only one coupon was tested; therefore 
the so-called Shepler technique'! was employed to ob- 
tain the transition temperature. That is, the test 
was initiated at — 95° F. with the coupon being loaded 
until a departure from the straight line was noted in the 
load deformation recording which was made in the 
same manner as for the small tensile coupons. Each 
time the deformation curve was noted to depart from 
the straight line, the load was removed and the tem- 
perature lowered approximately 20° F. After seven 
such loading cycles the specimen was fractured at 
— 221° F.; this temperature coincided with the tran- 
sition temperature previously determined for the small 
tensile coupons. The rate of straining was about '/, 
of that used for the small coupons. 


RESULTS OF TESTS 
Impact Tests 


The results of the impact specimens machined from 
the A.S.T.M. A201A steel have been plotted in Figs. 9 
to 11 with the energy absorption and the temperature 
as variables. As a check of the transition temperature 
indicated by the energy absorption, the per cent thick- 
ness contraction at the base of the notch has been plotted 
for one thickness of specimen in Fig. 12. The results 
of the series of specimens prepared from A.S.T.M. 
A285C steel is presented in Fig. 13. 
comparison, the mean zone of scatter, shown in the 


For the purpose of 


figures as the hashed zone, has been taken as the tran- 
sition temperature. 
left-hand plots in Fig. 9 to 11 with the plot, Fig. 12, 
that the per cent contraction and energy absorption 


It is seen by comparing the upper 


criteria are equivalent. The impact results for the 
285C steel, Fig. 13, are shifted toward higher tem- 
peratures, as could have been anticipated from the 


* We are indebted to Prof. Boodberg for the sketches of the apparatus 


Deep Notch $00 Steet 
© Medium Notch 
Sholtow Notch a-285-C 


<> 


3 

| 


“100 -60 -60 -40 


Temp 


Fig. 13) Impact results of 1-285-C steel 
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Fig. 15) Results of double-notched impact specimens 

Charpy impact results, Table 4, but the shift is the same 
Thus the effects of 
the notch geometry are the same for the two types of 


for the three types of notches. 
steel. To facilitate comparison between the various 
types of notches, the transition temperatures for the 
A201A steel have been replotted against a reduced 
variable, T/p, Fig. 14, where 7 is the thickness of the 
specimen and p is the radius of the notch. The sig- 
nificance of this plot will be discussed subsequently 
The results for the series of double-notched impact 
specimens machined according to Fig. 3 are shown in 
Fig. 15. 14 if 


the transition temperatures are less widely separated 


By comparison with Fig is seen that 
and that they are shifted toward much lower values. 
As pointed out previously this series was used as a pilot 
On the 


it was concluded that 


investigation for the tensile tests to follow 
strength of the results obtained 
| 
tests must be made with a much more brittle type of 


because of a much slower rate of straining the tension 


steel, viz., a rimmed steel, in order to contain the tran- 


sition temperatures within workable limits 


Tensile Tests 


formation as recorded across the notched section of the 


small tensile coupons is presented in Figs. 16 to 18 
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A plot of the load ys. the average longitudinal de- 


The per cent thickness contraction at the base of the 


notch was also measured and is shown in Fig. 19. 
Figure 20 gives the average true-fracture stress, Le., 


the load at failure divided by the area of the section 
All of the fractures below— 150° F. 
entirely of a granular or cleavage nature. Three small 


after failure. were 


coupons of the deep-notch type were broken between 


80 and —100° F. with 20°% failure by shear and 80°; 


by cleavage, Fig. 21. 
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16 Load-deformation of deep-notched tensile 
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Fig. 18 Load-deformation of shallow-notched tensile 


coupons 
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Fig. 19 Contraction at notch of small tensile coupons 


The load ys. the average longitudinal deformation as 


contraction at the base of the notch has been repre- 


TEMP °F 


recorded across the notched section of the large-tensile 
coupon, is shown in Fig. 22. The per cent thickness 
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Fig. 20 Fracture stress of small tensile coupons 


sented by two concentric circles on the contraction- 


circles. 


The discussion of the results is facilitated by the 


curves, 


ul 


temperature plot for the small specimens, Fig. 19. 
The fracture stress as defined above has been shown for 
the large specimen in Fig. 20, also as two concentric 


DISCUSSION 


introduction of the concept of the flow and fracture 


The Concept of the Flow and Fracture Curves 


\ material is said to be notch brittle or notch sensi- 


at a certain temperature it can break with a 


granular or cleavage type of fracture when it contains 
a notch, while exhibiting a fibrous or ductile fracture 
in the ordinary tensile test. The first successful theory 
of notch brittleness was advanced by Ludwig, which 
has since been refined by Davidenkoy and later Orowan. 
Aevcording to this theory there exist two different phe- 
nomena: the fibrous ductile fracture for which no 
strength or strain criterium has been found vet, and the 
brittle fracture for which there is an explanation based 
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Fig. 21 20% shear, 80% cleavage failure 


200 


wo 


T 
QO 00! 002 003004005006 DEFORMATION, IN 


Fig. 22 Load-deformation of large tensile coupon 
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Fig. 23) The flow and fracture curves 


on the concept of the fracture and flow curves, Fig. 23. 
The fracture curve represents a relationship between 
the maximum normal stress and strain for which the 
material fails in a brittle manner, the flow curve a rela- 
tionship for which plastic deformation occurs. The 
energy absorbed at failure will depend on the values of 
stress and strain at which these two curves intersect. 
The factors affecting the flow curve can be experimen- 


tally investigated. It has been found that in general 
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the ductility decreases, i.e., smaller deformation corre- 
spond to the same value of stress as the following factors 
increase : 

the amount of previous deformation (strain 
hardening), 


2. strain rate, 


3. complexity of the state of stress, and 


t. as the temperature decreases. 


The factors affecting the brittle fracture cannot be 
investigated directly, but on the basis of theoretical 
considerations? there are reasons to believe that the 
fracture curve is much less sensitive to external in- 
fluences than the flow curve. 

In the case of mild steel the occurrence of the duc- 
tility transition temperature may be explained! by 
assuming that the slope of the fracture curve is very 
nearly the same as that of the flow curve. On this 
assumption a small change of any of the aforementioned 
factors can cause an upward trend of the flow curve of a 
sufficient magnitude to produce an appreciable change 
in the amount of deformation at fracture. This situa- 
tion is illustrated schematically by means of Fig. 23. 


See also reference." 


Impact Tests 


The impact tests were designed to investigate the 
effect of a complex stress field as produced by constraint 
in a notched-bar impact specimen. ‘The elastic state of 
stress existing across the width of the notched section 
of the tensile coupons has been presented previously in 
Figs. 5 to 7. The biaxial-stress ratio of the transverse 
stress due to the depth of the notch to the longitudinal 
stress has been presented in Fig. 24. The biaxiality in 
the region near the notch due to bending may be as- 
sumed to be the same on the basis of published photo- 
elastic data. 

It may be seen from Fig. 14 that as 7'/p tends to zero 
the three types of notches approach the same transition 


temperature. Thus the degree of biaxiality as given 
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Fig. 24 Biaxiality of tensile coupons « 
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by Fig. 24 appears to have no influence on the brittleness 
at this limit. 
base of the notch in the thickness direction, which is 


On the other hand, the biaxiality at the 


very small in the thin specimens, is known to approach a 
alue ot 0.5 as the thickness increases However at 
this limit the transition temperatures approach different 
asymptotic values for the three types of specimens, the 
deeper notches having higher transition temperatures, 
i.e., greater brittleness than the more shallow ones. 
Since the depth of the notch is associated with a higher 
biaxiality in the plane normal to the thickness, it must 
be inferred that the combination of the two biaxialities, 
one in the direction of thickness and the other in the 
plane normal to it, produces a triaxial stress field at some 
distance behind the notch, which enhances the embrittle- 
ment. This situation is further clarified by Fig. 25 in 
which the transition temperatures have been replotted 
from Fig. 14 as a function of the ratio t/a, where ¢ 
is the depth of the notch and a is the depth of the mate- 
rial behind the notch 

However, if the triaxiality is to have an effect upon 
the embrittlement, the fracture must initiate at some 
point behind the notch. The most logical point is the 
point of maximum triaxiality. Otherwise, the transi- 
tion temperatures of the three notches should all be on 
one curve, which would be affected only by the increase 


in thickness. 


Tensile Tests 


\s indicated previously, the series of tensile tests 
have been included in this investigation as a check of 
the impact results. The results of the small coupons 
vill be discussed first 

As may be seen in Fig. 19, the transition temperature 
of the deep-notched coupon 1s lower than that of the 
shallow-notched one At first this seems a contradic- 
tion to the impact results. However, if the values of 
/ p tor the tensile coupons are plotted on the curve of 

insition temperatures for the impact specimens Vig. 


14, it is seen that the tensile results are in the correct 
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Fig. 25 Transition temperature vs. depth of notch 
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relationship, emphasizing the effect of the ratio of 7'/p 
even on very thin coupons. 

The average fracture stress as defined by the load at 
fracture divided by the area after fracture is shown for 
all tensile coupons in Fig. 20. The variation of tem- 
perature causes no apparent change in the average 
stress,* but there does seem to be a difference in the 
This dif- 
ference may be explained in the following way: 


stress between the three types of notches. 


The fact that the more shallow-notched specimens 
possess higher transition temperatures than the more 
deep-notched ones seems to indicate a higher degree of 
triaxiality near the notch, presumably because of a 
higher 7'/p ratio. But this triaxiality falls off more 
rapidly toward the center of the specimen as the notch 
is more shallow. As a result the distribution of stress 
at the moment of (brittle) fracture is also less uniform. 
As the value of the (local) fracture stress is assumed to 
be the same in all three cases, the average stress for the 
more shallow-notched specimens must be lower than 
for the more deep-notched ones. 

‘Two specimens fractured at — 90° F., failed with an 
80°%, cleavage fracture, the 20°% zone adjacent to the 
notch being ductile in nature. This type of fracture 
may have been produced in two ways: (1) the fracture 
may have been initiated by the exhaustion of ductility 
in the area near the notch, and then due to the rate of 
propagation and the high-stress concentration factor 
at the head of the crack, the fracture has become of the 
cleavage type; (2) the fracture may have been initiated 
behind the notch and propagated toward the center 
in a brittle fashion, and toward the base of the notch in a 
ductile fashion. Previously it has been pointed out 
that there is good theoretical reason for the fracture to 
be initiated behind the notch. — It will be now shown, fol- 
lowing the ideas by Vanderbeck and Gensamer’, that it is 
also possible for the two types of fracture to stem from 
the same area. To this effect reference is made to the 
schematic diagrams, Figs. 26 and 27. Figure 26 rep- 
resents a family of maximum stress-maximum strain 
diagrams (flow curves) with a transition from ductile 
(point C) to brittle (point B) fracture as the degree of 
triaxiality increases. Figure 27 shows an assumed 
distribution of maximum stress and maximum strain 
This distribution 
is consistent with the experimental findings for small 
plastic deformations.'"* '* At the point of initiation of 
crack, point A, the longitudinal stress will be at the 
maximum by virtue of a more complex stress field. 


in the notched section at fracture. 


Assuming that the corresponding point on the stress- 
strain diagram is at B, it is seen that to the right of A 
(A+) the stress-strain relationship will be represented 
on Fig. 26 by some point B+A which is to the left and 
below point B, while to the left of A (A— A), the stress- 
strain relationship will be given by some point B- A, 
which lies below and to the right of B. As the crack 
spreads, the stress field at A+A may become even more 
complex than at A, because of the sharpness of crack, 


* Possibly because the effect of a higher temperature is offeet by th 
higher deformation 
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Fig. 26 Flow curves influenced by triaxiality and temper- 
ature (schematic) 


while that at A— A becomes much less complex (14). 
Consequently B+A moves upward with little increase 
of strain which causes a brittle type of fracture behind 
(to the right of) A, while B— A moves upward with large 
increase of strain, which causes a ductile fracture near 
the notch. 

As the temperature is lowered the flow curves move 
from F,, to F,,. 
pearance of the shear type of fracture, then a rapid 
decrease of deformation, Fig. 1. 


As a result, there is first the disap- 


Conversely, an in- 
crease of temperature causes the flow curves to move 
from F, to F, with the ensuing increase of deformation, 
until the point B+<A is no longer capable of intercepting 
the fracture curve, whereupon the whole section exhib- 
its the shear type of fracture. In this manner the two 
distinet transitions pointed out by Vanderbeck and 
Gensamer are observed, viz., the ductility transition at 
a lower temperature and the fracture transition at a 
higher temperature. 

These two transitions have not been observed sep- 
arately in the bend impact test, presumably because of 
the steep stress (and strain) gradient behind the notch, 
which restricted the absorption of energy to a very 
narrow area as long as the point B remained on the 
fracture curve, Fig. 26. The same behavior might be 
expected in tension, if the specimen had a very sharp 


notch. 
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Fig. 27 State of maximum stress and strain 
in notched section (schematic) 
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One specimen of the large deep-notched tensile cou- 
pons was tested to obtain a spot check of the size effect 
phenomenon. Although the use of the Shepler tech- 
nique described previously may be objected to on 
various grounds, this technique would not mask any 
phenomenal difference in the two sizes of specimens. 
The average fracture stress was very nearly the same 
as that obtained with the smaller coupons, and the per 
cent thickness contraction at the notch agreed very well 
with that of smaller coupon tests at the same tem- 
perature, Fig. 19.* The size effect as predicted by 
statistics is probably present, however, this could not be 
demonstrated by the test of only one specimen. On the 
faith of this test it appears that the size effect, if cor- 
rectly accounted for, would not be of great importance 
in the phenomenon of notch embrittlement. 


CONCLUSIONS 


On the basis of the experiments reported herein it is 
possible to draw the following conclusions in regard 
to the embrittlement of mild steel due to notching: 

1. In addition to the two factors reported in the 
literature, viz., the stress concentration and the degree 
of biaxiality in the thickness direction of the specimen, 
a third factor must be considered, namely the degree of 
biaxiality on the face of the specimen, or briefly the 
biaxiality transverse to the notch. 

2. Using the raise of the transition temperature as 
an index of increasing brittleness, it is found that when 
the last mentioned factor is superimposed on the two 
previously mentioned the transition temperature can be 
raised by as much as 90° F., which puts the zone of 
brittleness of the particular mild steel used in the range 
of the atmospheric conditions. 

3. The effect of the biaxiality transverse to the 
notch depends on the existence of the biaxiality in the 
thickness direction. Thus, this effect tends to dis- 
appear as the thickness of the specimen tends to zero 
It is therefore concluded that the increase of brittleness 
produced by the additional biaxiality is, in reality, 
caused by a triaxial stress field behind the notch. 

+. If the effect of triaxiality is the predominent 
factor of brittleness, the failure should initiate at some 
point below the surface of the notch. Although the 
experimental evidence of an internal crack has not been 
obtained, the occurrence and type of failures is consist- 
ent with this statement 

5. In the light of the present studies the strain 
rather than stress concentration factor should be used 
in describing the notch brittleness of steel. Further 
studies however are needed to clarify the significance of 
this factor 

6. It appears reasonable to anticipate a range of 
brittleness in weldments at least as wide as that ob- 
tained in the present studies, depending on the type of 
joint. This conclusion is in qualitative agreement with 


* The fact that the rate of straining was four times smaller would make 
this agree ent even better sinoe it w ld shift the point about 15° F. to the 
right according to the available information 
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the available data, but so far as known it has not been 
corroborated by systematic studies. 
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Appendix I 


TEMPERATURE DISTRIBUTION AND 
CORRECTION OF THE INDICATED 
TEMPERATURE IN TENSILE SPECIMENS 


Because of the mode of cooling it was necessary to 
check the temperature distribution in the tensile cou- 
pons. To this end a dummy tensile specimen with 
thermocouples embedded at various points was run 
through the range of the testing temperatures. The 
thermocouples were made of No. 30 iron-constant wire. 
They were forced into small holes drilled in the speci- 
men, and the contact with the latter was insured by 
peening the metal around the thermocouple junction. 
In the case of the deep-notched specimen, eight ther- 
mocouples were employed: three in the notched 
section and five outside this section, Fig. 28. The 
thermocouple at A was used to obtain the temperature 
actually indicated in the tensile specimens In the 
case of the shallow- and medium-notched specimens 
only one thermocouple was placed outside the notched 
area, viz., at B, Fig. 28 to record the indicated tem- 
perature in actual testing. As might be anticipated 
the least uniform distribution of temperatures in the 


notched section was obtained ir 


the deep-notched 
specimens. The discrepancy between the center and 
the edge amounted to +10° F. at 240° F Fig 28, 


but was considerably less at higher temperatures as can 


Fig. 28 Location of thermocouples and temperature dis- 


tribution in the deep-notched coupon at — 240° F. 
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Fig. 29 Correction of the indicated temperatures 
be inferred from Fig. 29. This last figure also shows 
the correction which had to be applied to the indicated 
temperature in order to obtain the temperature at the 
bottom of the notch. 


Appendix II 


PHOTOELASTIC STUDY OF STRESS 
CONCENTRATION AND BIAXIALITY * 

The purpose of this study was to check the validity 
of Neuber formula for stress concentration and to deter- 
mine the degree of biaxiality in the notched section. 
Models duplicating the three types of tensile specimens, 
Fig. 3, were made of plastie CR-39 and analyzed in a 
diffusion light polariscope.t The results are plotted in 


Figs. 5 to 7. The lines marked p and q have been 


drawn through experimentally determined points using 


fringe patterns under various loads, such as shown in 


* Performed by A. Eshieman and T. Herrmann, senior students in the 
Department of Engineering, University of California, Los Angeles 
\ 


tcf J. Durelli, 8.E.8.A. Vol. VI, No. 1 


Fig. 30) Fringe pattern in the deep-notched photoelastic 


model of the tensile specimen 


420-s Rosenthal, Mitchell 


Fig. 30. 
by the so-called slope equilibrium method.’ 


The lines marked p and q have been obtained 
They 
represent: p, the plot of longitudinal stress, and 4, 
the plot of transverse stress across the notched section. 
It is seen that: 

1. The experimentally determined stress-concentra- 
tion factor, i.e., the ratio of the longitudinal stress at the 
notch to the average longitudinal stress in the notched 
3 (+ 0.2) for all three models. 
in agreement with Neuber’s stress concentration form- 
ula. 


2. The degree of biaxiality as measured by the 


section = This result is 


ratio p/q, Fig. 24, rises very rapidly to a maximum at a 
short distance from the notch and then falls off gradu- 
ally toward the center line. 
biaxiality is: 


The maximum value of 


0.58 for the deep notch 
0.30 for the intermediate noteh 
0.23 for the shallow notch 


Thus, there is a marked difference in the degree of 
biaxiality between the deep and the shallow notched 
specimens. 


Appendix Ill 


STUDY OF LOCAL DEFORMATION BY MIEANS 
OF X-RAYS* 


An attempt was made in this study to evaluate the 
amount of local plastic deformation at and below the 
transition temperature using as a criterion the X-ray 
diffraction line broadening. To this end three deep- 
notched tensile specimens, Fig. 4, were treated to yield 
uniform and sharp diffraction lines in the virgin, un- 
deformed condition. Thereupon they were fractured 
as specified in Table 5. 

From the per cent contraction at the notch it would 
appear that specimen C was at, or slightly above the 
transition temperature, while specimens A and B were 


well below this temperature. The fractured areas were 
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N-ray deformation at the bottom of the notch as a 
function of temperature 
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Table 5—Tension Tests of X-ray Specimens 


Load at 


Contraction fracture 
Spe cimen m pe ralure at notch, Remarks 
A — 2% 0.6 10,800 Partial bending 
B — 245 0.9 9,700 Partial bending 
( —173 1.7 13,260 


then explored locally by means of a narrow X-ray 
beam (about '/j in. in diameter) at three points at the 
bottom of the notch, Fig. 31, and at three points of the 
mid-thickness distant 0.03, 0.06 and 0.33 in. from the 
notch, Fig. 32. Back reflection diagrams of the (310 
doublets were taken using Co unfiltered radiation 
The films were microphotometered along the diameter 
that was parallel to the smallest dimension of the target 
and the degree of line broadening was determined sep- 
arately at each end of this diameter by a procedure ex- 
plained elsewhere.* With two exceptions the deter- 
minations made at both ends of the diameter agreed to 
better than 10°; The average degree of line broaden- 
ing at each point was then compared to a set of values 
obtained on a similarly treated standard tensile speci- 
men after the latter had undergone various amounts of 
deformation ranging from 0 to 14°] natural strain 
From the above comparison the equivalent amount 
of deformation was determined by interpolation for each 
point of the fractured area to within 2°) natural strain. 
For brevity this amount will be called ‘X-ray deforma- 
tion.” 

Figure 31 shows the X-ray deformation measured at 
three points at the bottom of the notch as a function of 
temperature, while Fig. 32 gives the X-ray deformation 
at the mid-thickness of the specimen as a function of 
the distance from the notch Jecause of the large 
probable error, only the general trend of the diagrams is 
significant. This trend is in agreement with that found 
from macroscopic measurements, but the value of 
deformation is much higher. This is not surprising 
considering that the deformation becomes more and 
more localized as the fracture tends to assume a more 
Journal of Applied Physics, Vol. 20 (12), 1257 


* Rosenthal, D 


~/73°F 
oS |-245F 


-290F | ! 
30 60 go ! 
% Distance Faom tue worcn Te ¢ 


X-Rav Derornmartion ,% 


° 


Fig. 32) X-ray deformation at the notched section 


brittle character It is worth noting that even at 


200° F. there is a nonnegligible amount of plastic 


deformation as revealed by the X-ray studies 
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uterpretive Report, Fabrication Division, 


by H. C. Boardman 


FOREWORD 


HE Fabrication Division pledged itself to try to tell 

the engineer, in his own language, what has been 

found out about the effects of fabrication on steel, 

what the findings mean, and how to use them. 
This will be hard to do; first, because much that will 
be reported has been partly known for a long time, hence 
cannot be ascribed to specifie sources, and is drawn not 
from the Division's records alone but also from allied 
Welding Research Council projects, pertinent contem- 
porary literature, and, perhaps most important of all, 
the whole background of pressure vessel experience; 
second, because it is difficult to relate laboratory results 
to actual structures and translate them into shop in- 
structions and code rules; third, because many factors 
are involved in complex ways which are not well under- 
stood; and, fourth, because the engineer, in order to 
appreciate and apply the knowledge gained must learn 
to think of welded structures in terms of localized 
(ductility, toughness, restraint and temperature) as 
well as he has been thinking of them in terms of general 
(elasticity and strength) 


BACKGROUND OF EXPERIENCE 


When pressure vessels were wholly riveted, fabrica- 
tors already knew that steel is changed by cold forming; 
that flanging, braking, rolling, pressing and dishing 
increase the vield point and reduce the ductility; that 
cold steel is easier to crack than warm steel; that 
fractures in service are generally brittle although the 
steel invariably is ductile in the conventional tension 
tests; and that stress sometimes promotes corrosion. 
Welding really came of age in the decade prior to 
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§ An interpretive engineering report of contemporary scientific re- 
search in the fabrication of pressure vessels and closely allied jields 


Pre SSUTE 


Behind its growth were men of energy, 
knew 


World War IL. 
faith and vision, who dared more than they 
Like most lusty infants welding for a time seemed 
Thousands of welded 


largely immune to major ills. 
pressure vessels were made—many with bare electrodes 
They were hammer tested under nearly yvield-point 
pressure. If they endured this ordeal they were con- 
sidered fit for use and, in general, proved to be so 
Cracks occurred in service but most of them stopped 
not far from their origins or grew slowly thus fostering 
the comforting idea that they merely relieved localized 
overstress and seldom extended much beyond the re- 
gions of such stress. 

During the War there developed 
cracks in welded pressure vessels and in welded ships 
Probably this fracture 


an epidemic of 


more in winter than in summer. 
flurry was the result of a combination of substandard 
(steel, design, fabrication including welding, and inspec- 
tion.) 

That the steel may have been below par is implied by 
the following excerpts from a paper on “Steel Composi- 
Specifications,” by Charles M. Parker, 
Manufacturing Problems, 


tions and 
Secretary, Committee on 
American Tron and Steel Institute, which appeared in 
March 1949, as the No. 1 issue of the Welding Research 
Council Bulletin Series: 

“The steel industry of the United States now leads 
the world in production and technology. Until recent 
years, its growth was stimulated and nourished by the 
discovery and use of high-grade iron ores, excellent 
metallurgical coking coals and a plentiful supply of good 
iron and steel serap. 

“The unprecedented production of iron and steel 
in recent vears has depleted our reserves of high-grade 
raw materials to such an extent that the known remain- 
ing materials are either inferior in quality or remote 
trom established centers of steel production. The 
inferior quality of these raw materials imposes difficult 
technological problems, some of the consequences of 
which may have to be passed on to consumers of steel 
either temporarily or permanently, depending upon 
their successful solution and economic application.”’ 

Doubtless some of these consequences rightfully were 
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passed on to consumers under the urgency of war and so 
contributed to the aforesaid epidemic of cracking which 
harassed both fabricators and users but, as a rule, did 
not cause complete failures 

There were several tragic exceptions out ol roughly 
5000 welded ships about 3°) ruptured sufficiently t 


endanger or destroy the vessels; and one large carbon 
steel welded pressure vessel, out of the manv that were 
made, is known to have failed completely in. service 
The brittle, rapid and extensive fractures in normally 
ductile material, which characterized each of these 
failures, shocked and puzzled the engineering world 
ushered in the era of “transition temperature” (very 
roughly the temperature above which a given piece o 
steel, or a steel assembly, fails in generally ductile 
manner when loaded in a certain way, and below whic! 
it fails in a generally brittle manner when loaded in the 
same wav),seldom heard of before the war when “locked 
up stresses and “stress gradients” vere the vogue 
rudely ended the complacent view that cracking was 
only benign; and prompted intensive searches for, and 
studies of. the factors contributing to brittle fracture 
Fabricating operations were known to be among these 
factors and their investigation became the task of the 
Fabrication Division 

Although the Division never said so officially, its work 
was prompted by these ship and pressure vessel failures 
ot the Wal period plus the well known but disturbing 
facts that steels ordered to the same A.S.T.M. Speci 
fication and intended by the mill to be alike, sometimes 
differ widely in their reactions to fabrication and service 
conditions and that makers and users of pressure vessels 
and writers of code rules for pressure vessels, have long 
tacitly assumed that, no matter what measures are 
found necessary to produce a sound welded vessel by 
accepted standards, and regardless ol cracks discovered 
and repaired during fabrication, any vessel which 
survives the prescribed tests has left sufficient toughness 
to perform satisfactorily in service; for example, the 
A.'S.M.E. Unfired Pressure Vessel Code has no restric- 
tions on cold rolling, thus implving that cold rolling 
within the Code limits on thickness for nonstress relieved 
vessels, and prov ided it causes no crac king leaves i 
sufficient reserve of ductility to provide safely for weld- 
ing, testing and service conditions of loading, restraint 


and temperature 


SCOPE, PURPOSE AND PHILOSOPHY 


The scope, purpose and general philosophy of the 
Division’s work are aptly expressed in the following 
statement by Dr. Kanter which is part of the minutes 
of the June 20, 1946, meeting of the Division 

“This letter is written for the purpose of setting forth 
the reasons for undertaking the carbon-steel plate in- 
vestigations as they were presented at the first meeting 

“As the writer understands the scope ol the Fabrica- 
tion Div Isilon researches they should encompass, among 


other things, consideration of all mechanical and ther- 
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mal operations done on steel from the time it is received 
from the mill until it is ready for service as pressure 
vessels In undertaking such researches it is obviously 
ipparent that the steels upon which such mechanical 
and thermal operations are perform d may not be unt 
form in their responses to fabrication operations and 
must, therefore, be carefully define | It has become 


furthermore apparent, through some of the experiences 


vhich have culminated in the organization of the Pres- 
sure Vessel Research Committee, that the ordinary 
commercial steel specifications, unde! Which the mate- 
rials for pressure vessel fabrication are procured, do not 
adequately define, restrict and control some of the 


properties which must be considered in the mec! anical 


ind thermal operations influencing successful and de- 


vendable fabricatior 


steels which will demonstrate the influences of vari 


ibles uncontrolled undet 


commercial-steel specifica 
trons, 1b is necessary, as has been done in programming 
the research project) under consideration, to specify 
the test steels according to criteria not employed in 


standard specifications for plate steels. In so doing, a 
‘considerable knowledge of such variables upon the 
properties of steel is implied, and the question might be 
properly raised, as it was in Committee discussion, as 


to what there is to be gained throug! 


1 further expendi- 
tures to again demonstrate what 1 ilready known 
‘The objectives of the proposed Investigations on 
influences of variables in steelmaking practice on actual 
plates, such as are used in fabrications, is to foreibly 


demonstrate the extent to which certain uncontrolled 


variables might affect fabrications Mere test bars do 
not carry the weight of influence upon engineering 
thinking as do demonstrations upon simulated struc 
tures Therefore, the value of the proposed investiga- 
tion would be to demonstrate with unquestionable 
significance upon sections similar to those entering 
construction, what can now only be inferred through 
test-bar investigations After such investigations have 
shown with sufficient finality that current steel speci- 
fications do not adequately define the materials needed 
for pressure vessel construction, it is to be hoped that 
these investigations will carry sufficient weight to 
secure the introduction into such standard plate steel 
specifications as A.S.T M.-A70 (now A 285) the defini- 
tions, requirements and tests needed in the procure 
ment of steel deemed suitable for exacting pressure 
vessel fabrication.” 

From the outset of its deliberations the Fabrication 
Division realized that the test program which it planned 


be exper ted to reveal much not 


to conduct could not 
already known, in a general but not measured way 
from experience and previous uncoordinated researches, 


about the effects of fabrication on carbon steels without 


knowing fully the reasons therefor nevertheless, the 

Division felt that a comprehensive and com pletely 

recorded investigation by one group of men, mainly on 


steels of known histories. would be worth while in 
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educating the participants and sponsors, emphasizing 
the inability of present A.S.T.M. specifications to con- 
trol steel quality; adding weight to the need for and 
aiding in the development of better procurement speci- 
fications; and alternatively and practically showing 
how, by improved test, design and fabrication practices, 
to make safe-welded pressure vessels out of the poorly 
controlled carbon steels currently supplied and which, 
probably, will continue to be supplied and used for 
some time to come. 


WHAT HAS BEEN DONE 


The major test program was assigned to Lehigh 
University and the published Progress Reports listed 
below record the work done there. 

No. 1. “Comparison of Notch Tests and Brittleness 
Criteria,”’ by C. J. Osborn, A. F. Scotchbrook, R. D. 
Stout and B. G. Johnston, THe WeLpinG JourNAL 28, 
Research Suppl., 24-s to 34-s (1949). 

No. 2. “Composition and Property Variation of 
Two Steels,” by C. J. Osborn, A. F. Seotchbrook, R. D. 
Stout and B. G. Johnston, THe JourNAt, 
28, Research Suppl., 227-s to 235-s (1949). 

No. 3. “Effeet of Plastic Strain and Heat Treat- 
ment,’ by C. J. Osborn, A. F. Seotchbrook, R. D. 
Stout and B. G. Johnston, THe JourNat, 
28, Research Suppl., 337-s to 353-s (1949). 

No. 4. “Effect of Welding on Pressure Vessel 
Steels,’ by A. F. Seotchbrook, L. Eriv. R. D. Stout, 
and B. G. Johnston, ASME Preprint, paper No. 49-A- 
49, January 1950: Bulletin No. 4, Welding Research 
Council, February 1950. 

A supplementary program of tests on cold-pressed 
hemispherical heads of small diameter is in progress 
under the auspices of the Subecommitte on Cold-Formed 
Heads. To date the heads and their testing have been 
contributed by the Lukens Steel Co. of Coatesville, 
Pa., and the Commercial Shearing and Stamping Co. 
of Youngstown, Ohio. The purpose of this program is 
to determine the properties of cold-formed heads as 
they are actually made and used successfully, with the 
ultimate objective of writing into pressure-vessel codes 
such minimum requirements as are needed for as- 
fabricated pressure-vessel materials. 

No reports have been published yet but some of the 
results will enter into the discussions of this Interpre- 
tive Report. 


MATERIALS TESTED AT LEHIGH 
UNIVERSITY 
For test purposes an aluminum-killed steel ordered 
to AS.T.M. Specification A201 and a rimmed steel 
ordered to A.S.T.M A285) 
were chosen, and each was supplied in plates °/, and 
1'/, in. thick. It was expected that the A201 steel 
would prove to be much tougher than the A7O steel 


Specification A70 (now 


and, in general, it was so. In Progress Report No. 2 


Boardman 


424-s 


Pressure 


listed above are given the complete mill histories of 
these materials, together with the variations within the 
ingots of chemical compositions and physical properties. 
These variations were found to be normal; they, and 
some other interesting relations, may be summarized 
thus: 

(a) As measured by tension tests the ductility 
increased and the strength decreased from top to 
bottom, and from center to edge, of the ingots; as 
measured by the Charpy keyhole notch impact test the 
toughness increased and the transition temperature 
lowered (the steel failed brittlely at a lower temperature) 
from top to bottom of the ingots; the chemical varia- 
tions were consistent with these physical variations. 

(b) The yield points reported by the steel mill were 
strikingly higher than those measured at Lehigh, in some 
cases 10,000 psi. higher. These differences may be due 
to a commercial cross-head speed of 0.500 in. per min- 
ute in the mill and only 0.006 in. per minute in the 
laboratory. 

(c) Normalized plates had greater ductility and 
lower Charpy keyhole-notch transition temperatures 
than as-rolled plates. 

(d) ‘Transition temperatures determined by double- 
width Charpy keyhole-notch impact specimens, be- 
cause of greater lateral restraint, were higher than those 
determined by specimens of standard width 

(e) Plates °/, in. thick had a higher yield point, 
greater strength and lower transition temperature than 
plates 1'/, in. thick. 

(f) The A7O steel had a Charpy keyhole-notch 
transition temperature about 70° F. higher than that of 
the A201 steel. 

(g) ‘Tensile specimens 
direction of rolling were somewhat less ductile than 


tested transverse to the 


those tested parallel thereto. 


CHOICE OF TRANSITION-TEMIPERATURE 
TEST SPECIMEN 

Since there was no generally accepted test for transi- 
tion temperature, the Division had to decide which one 
to use for the Lehigh program. The Charpy impact 
test was then under suspicien for this purpose because 
its results on certain ship steels were thought to be in- 
consistent with those obtained from the wide (up to 
72 in.) transversely and centrally notched plate speci- 
mens used by the Ship Structures Committee in its 
(More will be said of this 
Therefore slowly loaded notched-bend  speci- 


investigation of ship failures. 
later.) 
mens were favored. 

The Lehigh Metallurgical Dept. was quite familiar 
with one such specimen, the so-called Lehigh slow 
notched-bend specimen, having previously developed 
and used it for studying the effects of welding on steels. 
Also well known because they had recently been used 
and publicized, were the (Navy) tear test and the Penn 
State (Schnadt) slow notched-bend test. 
tests are fully illustrated and described in Progress 


These three 
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Fig. 1 Specimen used in the hahn tear test 


Report No. 1 listed above 


that Report are reproduced here; they show that, al- 


Figures 1, 2 and 3 from 


though the sizes and shapes of the specimens differ, 
each has a machined notch where failure starts and 
continues through the metal back of the notch: this 
sequence of events they have incommon. Each has its 
own loading speed 

The Division decided to make comparative tests using 
the Lehigh, Navy (Kahn) and Penn State (Schnadt) 
methods in determining transition temperatures of 
samples of the A201 aluminum-killed and A70 rimmed 
steels, in °/s and 1'/, in. thicknesses, which were pur- 
chased for use in the main program, and for which 
complete mill histories appear in Progress Report No. 2. 
These comparative tests proved to be extremely helpful 
for out of them came not only the adoption of the Lehigh 
slow notched-bend test but, far more important, a 
clearer understanding and interpretation ol transition- 
temperature testing than had been known before. 
With Progress Report No. 1 there should be read the 
paper “The Meaning and Measurement of Transition 
Temperature” by R. D. Stout and L. J. MeGeady, 


SPECIMEN 
LENGTH 2 
OEPTH: 788 
WIDTH: PLATE 
THICKNESS 


HOLE: 1/2” DIA 


| 
Fig. 2 Penn State slow notched-bend test with com- 
pression sone of specimen replaced by hardened drill rod 
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THe WELDING JOURNAL, 27, Research Suppl., 299-s to 
302-s. Because ot their great value the line of thought 
of the investigators and their conclusions will be dis- 
cussed at some length 

Various criteria of brittleness of notched specimens 
have been and can be used; some of them are 


1. Appearance of the fracture 


2. Per cent contraction below the notch 

3. Energy required to break the specimen 

1. Energy absorbed after passing the maximum 
load. 


Transition temperatures determined by different 
types of tests can logically be compared only when the 
same criterion of brittleness is used. Failure to observe 
this simple and seemingly obvious rule has caused much 
confusion 

Machined notches are used in slow notched-bend 
specimens to set up, during bending, stress systems 
conducive to brittle fracture. The sharper the notch 
the more the restraint, the higher the stress, the harder 
for plastic deformation to occur, and the greater the 
probability of brittle fracture in the notch. All of this 


seems straightforward and correct 


SPECIMEN SIZE 3 
NOTCHES AT 4° INTERVALS 


Fig. 3 Lehigh slow notched-bend test 


Likewise, the lower the temperature the more. likely 
is the notch to fracture brittlely and the less is the plas- 
tic yielding prior to fracture. This also seems reason- 
able and in accord with common experience 

It is also plain that metal for some distance back of 
the notch must strain and work harden at the same time 
that the surface and near surface metal of the notch 
strains and hardens 

Therefore, when a crack develops in the notch, 
whether it be of the ductile or brittle type, it constitutes 
a new and extremely sharp notch, in the work-hardened 
zone back of the machined notch, so that, as bending 
continues, this crack progresses and eventually sepa- 
rates the specimen 

Keeping these relations and this sequence of events 
in mind, it is easy to see that, at some test temperature 
well above atmospheric, both the notch and the metal 
back of it will fail ductilely; that, as the test tempera- 
ture is lowered a temperature will be reached at which 
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the noteh will fail ductilely and the metal back of it 
brittlely; and finally, that a temperature will be 
reached low enough so that both the notch itself and the 
metal back of it will fail brittlely. 

Thus the Lehigh slow notched-bend test clearly 
determines two transition temperatures, the higher one 
for the strain-hardened material back of the notch, the 
iower one for the surface and near-surface material of 
the notch. 

The higher transition temperature may be determined 
with fracture appearance or the energy absorbed after 
maximum load, as criteria; the lower transition tem- 
perature may be determined with bend angle at maxi- 
mum load, energy absorbed up to maximum load, per 
cent contraction in width below the notch, and transi- 
tion from ductile to brittle fracture of a thin zone below 
the notch, as criteria. 

The investigators at Lehigh assigned to the higher 
transition temperature the designation (7',), and to the 
lower one the designation (7'y). (Ty) they ealled the 
“ductility transition temperature’; (7',) they called 
the “fracture transition temperature.” Thus (7'y) may 
logically be considered as the temperature of transition 
from ductile to brittle fracture under the stress condi- 
tions imposed by the machined notch as modified by 
plastic straining prior to failure; and (7',) as a similar 
transition temperature for the stress conditions existing 
at the base of a sharp crack formed just below the 
machined notch. 

As previously pointed out, (7'y) is sensitive to the 
sharpness of the machined notch (it is a measure of 
notch toughness); it is also sensitive to other surface 
or near-surface effects to which (7',) is wholly or 
practically insensitive. (7'y) has to do with the origin 
of a crack and with its propagation. 

Each of the three tests used, the Lehigh, the Navy 
and the Penn State distinguishes (7',) and (7',) the 
former being from 100 to 200° F. higher than the 
latter. 

(7',) for the rimmed steel A70 was considerably higher 
than for the aluminum-killed steel A201 in their as- 
rolled conditions, the difference being about 60° F. 
(Tg) generally increased with cold work and strain 
aging. In all tests (7',) for 1' yin. plates was about 
60° F. higher than for the corresponding  s-in. plates. 

Indications were that the differences in’ transition 
temperatures of corresponding and ° ,-in. plates 
were largely the result of their differing cooling rates 
after rolling. (The 1' y-in. specimens were machined 
on the side opposite the notch, to a thickness of © , in., 
before testing, thus eliminating thickness as a test 
factor.) 

The Lehigh test was chosen partly because the Lehigh 
staff was used to it; partly because it had proved useful 
in studying welding effects on steel; partly because it is 
simple; partly because it yields duplicable results; 
partly because it clearly distinguishes (7'y) and (7',) and 
partly because it is readily adaptable to cylindrically 
bent specimens. 

In considering Progress Report No. | there should be 


Boardman 


426-s 


Pressure Vessel Research 


kept in mind the fact that for all three types of speci- 
mens, failure had to start at the base of the machined 
notch and then continue through the rest of the speci- 
men, and that in actual welded structures there seldom 
are any machined notches but often are either surface 
or subsurface cracks or other defects. 

This suggests the idea that the machined notch of the 
Lehigh slow notched-bend specimen could be made 
progressively sharper and sharper until it would be 
indistinguishable from an actual crack. Would (7', 
then equal (7',)? 

This discussion leads back to the wide centrally and 
transversely notched-plate specimens previously men- 
tioned in connection with the Charpy impact. test 
A recent paper, “Evaluating Notch Toughness” by 
R. W. Vanderbeck and M. Gensamer, THe Wr_pinc 
JourNAL, January 1950, Research Suppl., 37-s_ to 
iS-s, utilizes the Lehigh work of the Fabrication Divi- 
sion as the basis for the authors’ logical contention 
that (7'y) was not determined for the wide centrally 
and transversely notched-plate specimens since all of 
them showed considerable ductility at the ends of the 
notch, and that behavior at low-energy levels is of 
major importance in determining ship performance 

They also said yes to the question concluding the 
second preceding paragraph and backed up this answer 
both by logie and by tests using Charpy V-notch impact 
specimens, each with a small fatigue crack caused by 
flexing, at the base of the notch. Furthermore, they 
demonstrated that, for this type of test, the change 
from ductile to brittle behavior occurred slowly over a 
wide range of temperature, and they expressed the 
opinion that such behavior represents, better than that 
of the wide centrally and transversely notched speci- 
mens, the behavior of a ship. This opinion is sup- 
ported by the operation of ships at temperatures far 
below the transition temperatures determined by the 
wide plate tests, and is consistent with the fact that 
cracks on many ships grew slowly while the ships con- 
tinued in service. These observations have parallels 
in the field of pressure vessels. 


EFFECT OF PLASTIC STRAIN AND HEAT 
TREATMENT 

Progress Report No. 3 covers the work done at 
Lehigh University on the effects of cold work alone, and 
of cold work followed by heat treatment, on the proper- 
ties of the aluminum-killed A201 steel, and the rimmed 
A70 steel, for which Progress Report No. 2 gives the 
complete mill histories. 

The first part of the program consisted of Lehigh 
slow notched-bend tests, Charpy V-notch tests and 
standard 0.505-in. tension tests, on material perma- 
nently cold strained 0, 1, 5 and 10°; in tension in the 
direction of rolling; 1°; in tension transverse to the 
direction of rolling and 1% in compression in the diree- 
tion of rolling. 

The second part of the program consisted of similarly 
testing specimens first. cold strained as above and then 
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heat treated at atmospheric temperature, 500, S00, 
1150 and 1600° F. for 1 hr. per inch of thickness 

The results may be summarized as follows: 

1. Neither the cold straining nor the heat treating 
to 1150° F. caused any evident change in microstruc- 
ture, but heat treating at 1600° F. refined the grain 
size. 

2. The tensile strength of neither steel was much 
affected by cold tensile strains up to 1% 

3. Both the yield strength and, in general, the ten- 
sile strength, increased with increasing cold tensile 
straining. Compressive cold straining lowered the 
tensile vield strength; this is the Bauschinger effect 

$. Cold tensile straining the A70 steel to 1%; greatly 
increased (7',), the ductility transition temperature, 
but further cold tensile straining raised (7'y) only a 
little more 

On the other hand (7°, 


sistently raised by increasing cold tensile straining 


for the A201 steel was con- 


5. Thetwosteels had similar strain-aging tendencies 

6. Normalizing at 1600° F. was the only heat treat 
ment which consistently restored the ductility and 
transition temperature of the cold-worked plates to 
their as-rolled values. Heat treatment at 1150° | 
sometimes partly restored the as-rolled values, but heat 
treatments at 500 and at SO0° F. usually still further 
reduced the ductility and increased the transition 
temperature, presumably because of strain aging 

Perhaps in a future program the effects of an 800° F 
heat treating temperature held longer than | br. per 
inch of thickness, will be determined 

7. Cold stretching in one direction raised the vield 
point in that direction more than at right angles thereto 

Therefore one-direction plastic stretching cannot be 
relied upon to cause an all-direction increase in yield 
strength. However, cold stretching in one direction 


followed by heat treatment at 1150° F., leaves the 


material with the same increased yield strength in all 
directions Cold stretching decreased the compressive 
vield point 

Nore: Directions, as used here, are limited to the 
plane of the plate 

Caution. Some of the results reported by the Sub- 
committee on ¢ ‘old-Formed Heads indicate that a y ield 
point obtained by cold working may, after aging, drop 
back appreciably toward its original value. Therefore 
designs based on yield points obtained by cold working 
should be used only when the permanency of the raised 
vield points has been established, 

Furthermore, designers wishing to take advantage ol 
increased yield points due to cold work should keep in 
mind that small compressive strains cause a considerable 
decrease in the tensile vield stress; that, as above indi 
cated, for some steels small tensile strains scarcely 
affect the vield point; and, finally, that it is hard to 
strain a pressure vessel uniformly 

8. The °/.in. plates had a higher yield point and 
greater strength than the 1! 4-in. plates but after both 
were strained 5° in tension parallel to the direction of 
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rolling, the vield points of the two thicknesses were 
practically equal; however, the strength of the ° .-In 
plate remained slightly higher than that of the I’ .-in 
plate 

9. A 1°, compressive strain in the direction of rolling 
ind a 17 tensile strain transverse to the rolling direc- 
tion had similar effects on the vield point, lowering it 
vhen testing was in the rolling direction, and raising it 
when testing was transversely thereto 

10. When the test direction was the rolling direction 
there was a sharp knee in the stress-strain curve at the 
vield point for all degrees of tensile prestraining but 


when the test direction was perpendicular to the rolling 


direction the sharp knee disappeared for the large 
tensile prestrains 
11 \ 10°; tensile strain in the rolling direction 


raised the vield point nearly to the nominal (based on 
the original cross section) maximum strength of the 
material in the same test 

12 \ 10°; tensile strain p irallel to the direction of 
test raised the nominal maximum strength about SOOO 
Dsl with specimens tested both pial illel and pe rpendic- 


ular to the direction of rolling 


EFFECT OF PLASTIC STRAIN, FOLLOWED 
BY WELDING AND SUBSEQUENT HEAT 
TREATMENT, ON THE TRANSITION 
TEMPERATURE 


Progress Report No $ covers the vork done at 
Lehigh University to find how different grades ot 
pressure-vessel steels respond to welding and to observe 
the effects of plate thickness. of plastic strams betore 
velding, of high and low heat-input during welding, 
ind of heat-treatments after welding rhe tests were 
made On six plain carbon steels selected trom several 
mills to cover a range of grades, carbon contents, and 


deoxidation practices Two ol these steels vere the 
aluminum-killed A201 steel, and the rimmed A70 steel 


for which Progress Report No. 2 gi 


es the « omplete mill 


histories 
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Fig. 4 Lehigh slow notched-bend specimen with weld 


Figure 4 illustrates the Lehigh slow notched-bend 
specimen, with a longitudinal weld, which was used to 
determine the transition temperature of each steel for 


each of the following conditions 
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(a) Welded. 

(b) Welded and heat treated at 500° F. 

(c) Welded and heat treated at 1150° F. 

(d) Stretched 5% cold, and welded. 

(e) Stretched 5% cold, welded and then heat treated 

at 500° F. 
(f) Stretched 5% cold, welded and heat treated at 
1150° F. 

This schedule was followed for two heat inputs—175 
amp. at 10 (in. per minute) and 275 amp. at 8 (in. per 
minute). 

The results may be summarized as follows: 

1. Welding appreciably reduced the notch tough- 
ness (raised 7'y) of the material. 

2. The notch toughness of the welded material 
could not be predicted from the notch toughness of the 
unwelded material. 

3. Welded plates that were strained cold before 
welding were only a little less notch tough (had slightly 
higher 7'y) than plates that were welded without prior 
cold straining. Therefore welded joints in cold-formed 
plates are likely to be nearly as notch tough as welded 
joints in plates which have not been cold worked. On 
the other hand (7',) for strained and welded plates, was 
appreciably higher than for unstrained and welded 
plates. 


4. Welding reduced the notch toughness (raised the 
T'y) of 1'/,in. plates more than it reduced the notcb 
toughness of the corresponding °/s-in. plates. This 
seems right since thick plates cool faster than thin 
plates; thick plates offer greater constraint than thin 
plates and thick plates have a metallurgical structure 
less favorable than that of thin plates to notch tough- 
ness both before and after welding. 

5. The rimmed steels had the highest transition 
temperatures (both 7T'y and 7',) after welding, the 
aluminum-killed steels were next; followed by the 
semikilled, and the straight silicon-killed steels. The 
four steels selected at random from mill stock compared 
favorably with the two steels purchased specially for 
the Lehigh test program. 

6. An 1150° F. heat treatment after welding greatly 
increased the notch toughness (lowered the 7'y) of the 
plate material affected by the welding. In some cases 
(T,) was lowered as much as 70° F. while (7's) was 
unchanged. 

An 1150° F. heat treatment after both cold straining 
and welding was even more effective. 
(Ty) was lowered as much as 100° F. and (7) was 


In some Causes 


consistently lowered too. 
7. A 500° F. heat treatment made strained and 
welded material notch tougher but had no effect on 


Criterion : %Contraction(T,) 


Lehigh slow notch bend test 
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Fig. 5 and 1201 steels after various plastic strains and heat treatment 
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unstrained welded material. 

8. The foregoing results were true for both welding 
heat inputs. Apparently, for the plain carbon steels 
tested, the variation in welding heat inputs was too 
small to make an appreciable difference in test results. 


SUPPLEMENTARY INFORMATION 


Not reported in Progress Report No. 3 (it will be 
published in Progress Report No. 5), but constituting 


an extension thereof, ar some very interesting and 


significant relationships between reduction in cross- 
sectional area as obtained from tensile tests made at 
room temperature (using standard 0.505 in. diameter 
specimens) and (7'y) transition temperatures as deter- 
mined by the Lehigh slow notched-bend specimens and 
the (7'y) transition temperatures as determined by the 
V-notch Charpy specimen. The tensile tests were 
made on materials that had been treated in the same 
manner as the materials used for the corresponding 
transition-temperature determinations. Figures 5 and 
6 show that there is a straight-line relationship 
between the reduction of area and the (7'y) values for 
the aluminum-killed A201 steel and the rimmed A7O 
steel, each in 1'/4 and °®/, in. thicknesses, and in five 
prestraining, and five prestraining postheating 
conditions 

Figure 6 shows (7'y) values from both the Lehigh 
slow-notched bend test and the Charpy V-notch test 
plotted against reduction in cross-sectional area in the 
tensile test The unavoidable conelusion is that the 
only difference between Lehigh and Charpy results is 
that the latter are higher by about 90° F 

However, the most significant fact is that each (7', 
value requires 24 V-notch Charpy tests or 24 Lehigh 
slow notched-bend tests but onlv two tensile tests 

Figures 5 and 6 point to the conclusion that reduction 
in cross-sectional area during the tensile test could, it 
properly interpreted, be used to determine transition 
temperatures correlating with those of the now more 


popular methods; and at a much lower cost 
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It is true that these graphs represent only two steels, 
but each was subjected to 29 treatments and hence a 
large variation of properties is represented lherefore 
it seems highly probable that the same straight line 
relationship between tensile reduction in area and 
Lehigh slow notched-bend transition temperatures (de- 
termined by contraction in width below the notch) 
exists for other materials than the two tested. 

{Also these results at least partly restore the Charpy 
V-notch test to its former favored position as a recog- 
nized measure of notch toughness in steel 

Nevertheless the Lehigh slow notched-bend specimen 
has the definite advantage of being extremely versatile. 
It can be used for evlindrically bent specimens, and for 
welded specimens; it is easy to prepare and test and the 
width contractions are large enough to make measuring 


easy and accuracy high 


SUMMARY 


Interpretive Report, Fabrication Division, Pressure 

Vessel Research Committee 

It IS CaSV for designers of welded pressure \ essels to Zo 
wrong by assuming that steels are unaffected by fabri- 
cation, low temperature and restraint; that strains are 
only elastic and that stress throughout the vessel is 
uniform and equal to the nominal stress which is the 
number substituted in the design formula to arrive at 
Actually 


tions raise the y ield point ¢ loser to the ultimate strength; 


the shell thickness all cold-forming opera- 


welding generally reduces the toughness of the heat- 
affected metal and always locks up a lot of stress in the 


joints; and even the most ductile material, according 


to measurements on unnotched laboratory specimens 
ls brittlely under condi- 
| 


traint preventing ph 


tested at room temperature, fai 
tions of low temperature or re istic 
flow It is a mistake to assume that each cubic inch of 
metal in the shell of a pressure vessel behaves under 
service conditions exactly as each cubic inch of metal 


near the middle cross section of a conventional tensile- 
test specimen behaves in the laboratory 
Notches, of which cracks are the extreme example, 


exist in all welded structures due to faulty materials, 


design o1 workmanship The presence of these notches 
explains why oceasional fai ir moderate 
loads A notch may result in a crack which, under 
some conditions of residual stress in, and general loading 
of, the vessel, relieves the local high stresses and stops, 
but which, under other general stress and Joading 
onditions, may aggravate the local stre ntensity 

out the so-called “factor ol ety ind re itina 
general failure 

Obviously what Is needed to issure fey ! one ol 
the following conditions 

| Materials, design and fabrication so perfect that 
there are no notches in the essel either fFeQqmetrical or 


metallurgical 


2. Materials so tough that sufficient local plastic 


straining can occur at each notch, no matter how 
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sharp, to prevent the formation of a new crack. 

3. Neither of the idealized conditions | or 2, but a 
combination of conditions approaching them both such 
that cracks starting at notches will relieve the local 
stresses and then stop. 

Condition 3 is that of most pressure vessels. No 
vessel is perfect, and very few vessels fail in a big way, 
yet cracks are not uncommon during fabrication, under 
test and less often in service. 

The Engineer of today is greatly confused by the 
term “transition temperature’ which was sprung on 
him not long ago as applicable to pressure vessels. He 
wonders where the “transition temperature’ was in 
hiding before World War II, and how he got along 
without it if it is so supremely important today. His 
bewilderment is increased by the many laboratory tests 
showing that certain specimens, when loaded in a 
certain way, change from ductile failure to brittle failure 
in a short temperature range, and that, although the 
reported transition ranges for a given material differ 
widely and often are above the service temperature of 
the vessel in question, they nevertheless have some 
significance with reference to that quite illusive thing 
the transition temperature or transition temperature 
range, of the vessel itself. 

He wonders what is meant by ‘the transition tem- 
perature of a vessel.” Tle cannot see how a specific 
little laboratory specimen, with a specific machined 
notch, and a specific method of loading, can in any way 
be representative of a whole vessel wherein are many 
notches both metallurgical and geometrical, each notch 
with its own special environment, history, residual stress 
system and potential loading to propagate failure if a 
new crack should form. He suspects that laboratory 
transition tests tell a lot about materials but relatively 
little about entire pressure vessels made of those mate- 
rials. He looks back over the thousands of welded 
pressure vessels of the past, many of the earliest of 

which are still in service, and intuitively puts more faith 
in them than in the confusing results of, and claims for, 
the many transition temperature tests of today 

Nevertheless, he is increasingly aware of what is going 
on in metal research; he is learning its jargon and 
methods; he is trving to unscramble the mass of 
befuddling information with which he is plied. He is 
worried particularly about welded pressure vessels of 
plain carbon steels operating in the room temperature 
down to (—20° F.) range wherein the pressure vessel 
codes require no toughness tests on either the as-rolled 
or the as-fabrieated material vet, for example, permit 
the use of steel purchased to the A.S.T.M.-A285 
Specification under which the mills may furnish rimmed, 
semikilled or fully killed steel of flange or firebox quality, 
whatever these terms mean, differing widely in their 
properties particularly at low temperatures. 

He would like to use better steels but, because of the 
commercial situation, finds himself unable to do so as 
long as pressure vessels, made of present materials, 
continue to satisfy the user and the general public. 
Pre 
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He wishes that his steel procurement specifications 
more closely controlled steel quality but recognizes 
that no major change along this line can be brought 
about without the active and whole-hearted coopera- 
tion of user, steelmaker, fabricator and writer of con 
struction and safety codes. The key man is the user; 
if ever he becomes sufficiently concerned about things 
as they are to consistently write into his requests for 
bids stipulations requiring tougher steels they will be 
furnished and soon come into general use. 

Pending that time, the fabricator will try to make 
safe pressure vessels with the materials meeting present 
code rules and enabling him to stay in business on a 
competitive basis. However, he will keep awake to 
new knowledge about pressure vessels and be alert to 
ways of using it effectively. 

To the Fabrication Division the Engineer will feel 
indebted for confirmation of many things which he 
partly knew before and for some helpful new informa- 
tion. 

He has been aware for a long time that cold-forming 
processes, such as flanging, rolling, pressing and dishing, 
raise the yield point and reduce ductility. It doesn’t 
surprise him to learn that they also reduce notch 
toughness as measured by the rise in temperature at 
which a narrow zone of metal beneath the machined 
notch of a Lehigh slow notched-bend specimen changes 
from a ductile to a brittle type of fracture, but he is 
doubtful about what this means in terms of actual 
pressure vessels having no machined notches but rather 
cracks or other defects. He is properly cautious about 
accepting the idea that there is for a pressure vessel a 
change from ductile to brittle fracture over a narrow 
temperature range. His experience is that such general 
fractures as do occur in pressure vessels are of the gen- 
erally brittle type whether they take place at room o1 
subroom temperatures. 

He is glad to learn that normalizing at 1600° F. is 
the only heat treatment which surely restores to cold- 
worked steel its original ductility and toughness, and 
disappointed to learn that treatment at 1150° F. is 
not equally effective. 

The fact that small cold straining in tension lowers 
the compressive yield strength and likewise, small 
cold straining in compression lowers the tensile yield 
strength is practical information which warns the fabri- 
cator not to leave exposed sheared edges which in service 
will be strained oppositely to the shearing direction, and 
teaches him to remove such edges by filing or grinding 
to a rounded contour 

The engineer may find useful the knowledge that cold 
stretching in one direction raises the vield point in that 
direction more than at right angles thereto, but that 

1150° F. heat treatment after the one-direction strain- 
ing results in an all-direetional uniform increase in 
vield point. If he wishes to use such an artificial vield 
point in design he should make sure that aging will not 
reduce it. The Lehigh tests indicate that the alumi- 
num-killed and rimmed steels tested had similar strain- 


aging tendencies. 
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The committee on cold-formed heads has shown that 


hemispherical heads tormed cold) mechanically or 
hydraulically are welded together to form thousands 


of small spheres which pertorm satisfactorily in the 


storage of liquefied petr« leum gases in nonshock serv 
ices—this in spite of the fact that there is very littl 
ductility. and toughness left in the material Che 


Engineer asks himself how much ductility and tough 
ness are needed in a pressure vessel If he thinks in 
terms of cast iron and glass, out of which pressure con 


tainers are made, he is forced to conclude that very littl 


ductility and toughness are necessary provided the 
vessel is streamlined and initially free of cracks and 
other stressraisers Furthermore the wt of eold 
forming is itself a severe test of the mate l and wu 
endured is pretty good assurance that the material is 
tree ol faults where cracks might tart n service, 


Considering all of this, the Engineer ts loath to set any 
restrictions, except for low-temperature service, on 
cold ferming other than those automati imposed 
by the process and the material If the fabricator 
troubled with eracking he will change either his forming 
procedure or his material ol both 

Almost since welding began the Engineer has realized 
that, as a rule welding changes the material we lded 
making it more brittle, and that the higher the carbon 
content the greater the adverse eflect of velding iy 
late he is becoming awure that, in general, the loss of 


note h toughme due velding eoul | 


rgely avoided 
by using less carbon and adding alloving elements to 
maintain the strength ind that such low-allov steels 
have much better low-temperature toughness than plain 
carbon steels In spite ol this he sees that low-alloy 
steels cannot displace plain carbon steels, particularls 
without 


Tor temperatures down to 20) pecificn 


tion. metal cost, and design stress adjustments 


vill require time and etlort 
‘The Engineer finds in the A.S.T.M. Specifications on 
designated A-300 under which, for a price, A201 and 


\212 steels having it minimum h V-notch Impact 


value of 15 ft.-lb. at 50 ] ean be purchased 
The I ngineer sper ulates upon how much of this impact 
value disappears during fabrication and welding, and 
upon how much better the completed vessel is than one 


made of A201 or A212 steel purchased without imp 
requirements 

For} 
ing | hr. per inch of thickness, greatly toughens the 


this is the prescribed A.S.M.1 Boiler 


Preheating betore 


lain carbon steels, heating to 1150° 1 ind hold 


welded 
Code stress-relieving treatment 


welding) to 400° F. has proved to be equa beneficial 


Even gas torch heating (after velding helpful it 
possibilities have not been exhausted. especialh 4 
means ol reducing stress corrosion since preheat ng 


does not relieve locked up stresses but nevertheless 


toughens welded joints as 1150 F. postheating does 
it seems plain that the benefits of the latter cannot be 
due primarily to the relief of residual stresses The 
fact is that the reasons for these benefits from pre heat 


ing and postheating are still obscure 
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in view of this discussion it seems unlikely 
stress relieving a welded joint merely by stretching it 
ilong its length ean be beneficial except mn rounding out 
iwute stress concentrators 
intended to condemn the Linck Method of Low rem 
perature Stress Relief which may produce benely inal 


thermal effects 


lhe Engineer is disturbed to he 


reported by the mill were in some cases 10,000) psi 
higher than those determined a Lehigt nd would 
elcome a full explanation of what this means in terms 
of design based on vield poimt 

He has reason to expect that welded joints in nor- 
malized plain ¢ irbon plates \ be tough than those 
n as-rolled plates However, this is not a true 
ha paper on “Metallurgical | I he Kmbrittle- 


ment of Welded Plate” by R. D. Stout and L. J. Me 


Geady, THe JourNAL, Research Suppl., 1947, 
GS83-s to GO2-s, it is stated 

‘On many occasions the effect of pre normalhz 
ng on welded plates has been inconsistent from one 
steel to the next \pp rentiv the normahzing may 
mprove performance not t, ol etually lowe! 
t weording to whether the normalizing produces a 
tructure which is more or less sensitive to the inter- 
ritical heating than was the as-rolled n ( 


To the 


velded pressure vessels is the uncertaintv as to then 


Engineer the most disturbing thing about 


real factors of satety Che fact that eracks usually 
top near where they ometimes go on te 
complete failure, indicates that to tail or not to fail 
can be a touch-and-go affa wh that seemingly 
nsignificant factor, like the snapping ol bolt in a 
manhole cover, o1 the temperat ol the test ter, may 
decide in favor of “go It for tl eason, and in 
nite of the wonderful record of welded pressure vessels 
o date, that he longs tor toughe tes than are now 
lable at price hich te n allord nd hopes Lor 
he dav when the steelmaker, the code ter, the 
lesigner, the fabricator na the } t down to 
gether and be able to agree ! { ement 
pecifieations should be. He strong pects that 
this hope cannot be re zed tor ng ru CCULUSE 
eelmakers themselves do not kn hv he ntended 
iM like are often ery ailterent Quoting trom a 
iper on “Steel Composition nd Specifications 
(‘harles Parker et ee Ol \Ilanu 
facturing Problems, Amer n Iron and Steel Institute 
vhich ppe in \l TOAY the Numb issue 
of the Welding Re earch Cow Bulletin sx ‘ 
“Fundamentally, it is a fact that carbon steels may 
be produced within the specified chem limits of a 
viven grace ind still | f haract ‘ that are 


videly dissimilar 

Naturally it occurs to the Engineer that there might 
be introduced into procurement specifications an 
irbitrarv toughness test such as the Kinzel slow notch- 


bend test involving both prestraining and welding, but 


he doubts whether industry as a whole would back tt up 


particularly for materials used in the room-temperature 
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down to (—20° F.) range for which the pressure-vessel 
codes require no impact or other toughness tests of 
parent plate or welded joint. He knows that on a 
perfectly logical basis, steels used in this temperature 
range should be required to meet certain toughness 
tests, and is worried by the knowledge that he can, 
under the A.S.M_.E. Code rules, provide pressure vessels 
for operation at (—20° F.) in which the steels at that 
temperature have nearly zero Charpy V-notch impact 
values. It is plain to him that the A.S.M.E. Boiler 
Code Committee could set up a minimum toughness 
standard for completed vessels for both the parent 
plates and the welded joints, to cover the room tempera- 
ture to (—20° F.) range but he is unable to foresee what 
the ramifications and effects of this action would be and 
is pretty sure that it will not be taken until the users 
of pressure vessels sanction and insist upon it. 

Therefore, to the Engineer, the work of the Fabrica- 
tions Division is most helpful in forcing upon him the 
conviction that, for an unpredictable time, the safety 
of plain carbon steel vessels will depend more upon 
careful design, fabrication, inspection and testing than 
upon improved steel quality. The service record indi- 
cates that reasonably safe-welded pressure vessels can 
be made out of the poorest of the steels presently sup- 
plied to the A.S.M.E. and corresponding A.S.T.M. spec- 
ifications. 

From this Report the Engineer sees a possibility that 
low-alloy steels may be the final answer to the embrittle- 
ment problem but that numerous adjustments, involv- 
ing many interests, must be made before this will be 
possible. 

This Report lends no support to the idea that there 
can be found a laboratory transition-temperature test 
correlating directly with pressure vessels—in truth, this 
Report emphasizes the illusory nature of a transition 
temperature for a complete vessel. However, the 
Report encourages an arbitrary toughness test for steels 


and backs up the concept that even the tensile test at 
room temperature, if properly modified and interpreted, 
could be that toughness test. Of the many proposed 
perhaps the Kinzel slow notch-bend test is the most 
realistic since it includes, or could be made to include, 
all of the factors affecting a weldment, including thick- 
ness, prestrain and welding. 

The thoughtful reader of this Report cannot fail to be 
impressed by the evident lack of basic understanding 
about many of the phenomena involved. The Steel- 
maker does not know, or at least does not control, the 
factors which produce unlike steels from heats intended 
to be alike. The Metallurgist does not know why pre- 
heating at 400° F. results in welded joints as tough as 
those postheated at 1150° F., nor does he know why 
either method does what it does. Of course the precise 
conditions producing fracture of metals are unknown; 
probably the initiation of failure goes down into the 
atomic or subatomic domain beyond the reach of ordi- 
nary analysis based on stress and strain. These are a few 
of the many unknowns in the general field of metals. 

This Report should make the Steelmaker even more 
keenly aware, than he has been, of the needs of the 
Engineer; it also should make the Engineer appreciate 
more than he has, the problems of the Steelmaker; and 
should ‘excite their mutual understanding, sympathy 
and cooperation. 

The Steelmaker will find in this Report evidence that, 
in spite of his marvelous production record, he is not 
meeting fully the quality needs of the pressure-vessel 
industry; this is no news to him. He, better than the 
Fabricator and Engineer, knows the shortcomings and 
difficulties of his own business. He is aware of the 
needs and is trying to meet them. His support of 
research to that end has been farsighted and liberal: 
doubtless, he will continue his efforts to improve his 
products in the face of a growing shortage of high-grade 
ore. 


29 W. 39th Street, New York 18, N. Y. 


Editorial Note! 


Discussion of this report and additional interpretive conclusions with reference to 
published reports of the Pressure Vessel Committee and allied fields which can be used 
by the Engineer in Designing and Fabricating Pressure Vessels is earnestly desired by 
the Committee. Address Communications to the Pressure Vessel Research Committee, 


Boardman 
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Effects of Reduced Atmospheric Pressure on 
Arc-Welding Characteristics 


® At reduced atmospheric pressures such as found at high 
altitudes there are some significant changes in arc characteristics 
which, if understood, can be controlled and utilized to advantage 


by M. L. Begeman, B. H. Amstead and 
U. I. Mashruwala 


INTRODUCTION 


ESEARCH in the field of are welding with mild- 
steel electrodes has revealed the effects of atmos- 
While 
special attention has been given to the strength 


pheric conditions surrounding the are 
and physical properties of the weld under normal 
atmospheric conditions, little emphasis has been given 
to the results of pressure variation in the atmosphere 
surrounding the arc. This particular investigation was 
launched to obtain information as to what actually 
constitutes optimum welding conditions at low at- 
mospherie pressures (simulating high altitudes) and to 
study the various characteristics of the are such as 
burn-off rate, penetration, crater formation and spatter 
loss 
The procedure followed in this investigation was to 
weld mild-steel plates in an enclosed chamber at various 
pressures down to 5-in. Hg absolute with a semiauto- 
matic welding head. Beads were first deposited under 
conditions which were optimum for the electrode when 
atmospheric pressure surrounded the are. Later 
optimum conditions were determined for the various 
pressures by running beads at different currents and 
are lengths 
Both straight-and reverse-polarity electrodes of the 
same grade, but made by different manufacturers, were 
studied under identical conditions. For reverse-polar- 
ity welding, E6010 was chosen because of its wide use, 
and for straight-polarity its counterpart E6013 was 


selected. All electrodes used were in. in diameter 


EQUIPMENT USED 
The primary apparatus used in this study consisted 
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of a d.-c. motor-generator set, a control panel, a vacuum 
chamber and a semiautomatic welding mechanism or 
welding head. Figure 1 indicates the relative position 
of these components. The motor-generator, not shown 


in the figure, consisted of a 15 hp., 1750 rpm., 3 phase, 
60-cycle 
ferentially compound wound d.-c. generator, which at 
full load delivered 200 amp. at 40 \ 

The vacuum chamber, 24 x 24 x 24 In. In size, was 
designed with bolted port holes on five of its sides for 
in. inlet air pipes, 


induction motor directly coupled to a dif- 


access and observation. ‘Two 
with stop cocks at the bottom of the chamber, were 
provided for regulating the pressure. Near the top of 
the chamber was a 1'/,-in. exhaust pipe with regulating 
which was connected to the dust filter of the 


By adjusting this valve and the air 


valve 
vacuum pump 
inlet valves it was possible to regulate the pressure in- 
side the chamber to within a tenth of an inch of mer- 
cury. 

The semiautomatic welding head, shown in Fig. 2, 
was specially designed for the purposes of this investiga- 
tion In principle, it was a screw-driven electrode 
holder which moved in an inclined plane. The hori- 
zontal component of this movement formed the bead or 
the travel component, while the vertical component of 
the movement determined the burning of the electrode 
By controlling the inclination of the plane of motion and 
the speed of screw, any desired combination ol metal 
deposition and rate of burning was possible within wide 
limits. When welding with in. electrodes under 
optimum conditions, approximately 2 in. of electrode 
were consumed per inch of bead length; hence these 
tests were conducted with a setting to give this ratio 
The screw was driven by a variable speed motor, 
mounted outside the chamber and connected to tt 


through a clutch and flexible shaft arrangement 


TEST SPECIMENS 
The specimens were °/s- x 1'/- x 4-in hot-rolled 


mild steel cut from */s- x 4-in. flat bars. Each specimen 


was numbered and accurately weighed on a balance to 
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one-tenth of 2 


ELECTRODES 


The electrodes used in this investigation ere shown 


below 


1 


specification 


aude 


Classification 


Polarity 


Vanufacturer 


Aires \ireo-7S81 Reverse E6010 
Airco Aireo-00 Straight E6013 
Lineoln Fleetweld 5 Reverse E6010 
Lincoln Fleetweld 47 Straight h6013 
P&H AP Reverse E6010 
P&H AC-3 Straight E6013 


All electrodes were dried at 230° F. for 24 hr. in a 
metallurgical furnace which was in accordance with 
He observe | 


marked contrast between the consisteney of results 


Winsor’s practice of drying electrodes 


with uniformly-dried electrodes and electrodes taken 
from laboratory stock Lawrence also mentions 
that wet coatings are essociated with uneven are per- 


formance and puffing of the coating 


TEST PROCEDURE 


At the start of a run the testpiece was placed in 
The elec- 


trode was clamped in the holder, as shown in Fig. 2, 


position and held down with two clamps 


and the holder was so adjusted that the electrode was 
inclined to the vertical about 10° with its tip about 
A loose bs ll ot steel wool 


was placed under the electrode forming a contact be- 


in. away from the specimen 


tween the electrode and the specimen ; and when the 
voltage was applied to the electrode, the heavy current 


fused the wool and started an are across the small gap 
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Photograph of test equipment 
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The electrode speed was then main- 
tained so that the are length re- 
mained essentially constant As 
the switchboard was near the ob- 
servation window, the current and 
voltage readings on the switchboard 
penel, appearance of are, length of 
ure, spatter charecteristics and 
motor speed were simultaneously 
Unless all 


were reasonably steady the test Was 


observed conditions 
rejected. 

The actual speed and feed were 
computed and the length of elec- 
trode consumed was obtained by 
mezsuring the length of electrode 
stub. The weight of mete! actually 
deposited was computed as well as 
the weight of the electrode con- 
d 


acteristics ol tis 1 were el 


sume Leter the phvsica 


mined by examining the sectioned 


Specimens 


Fig. 2) Photograph of semiautomatic welding head 
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In order to obtain good contrast, the surface of each 
transverse section was etched with concentrated nitric 
acid activated by the presence ol hydrochloric acid 
It was then washed with dilute hydrochloric acid and 
finally with water before being dried. The penetration, 
width of bead. and height of bead were then measured 
Photographs of some ot the specimens prepared are 
shown in Figs. 8 and 9 Although they are not clear 
enough for studying grain structure the zone of fusion 


is brought out quite distinctly 


DISCUSSION 


The first judgement to be passed on a weld is its 
appearance, since more can be told by this observation 
than perhaps by any other characteristic Ot particular 
significance are the dimensions of the cross section of the 
bead; the bead height, width an 1 penetration Other 
variables considered in this investigation are burn-off 


rate, 2re length, energy input and spatter 


Physical Characteristics of the Bead 


In this study the physical appearance of welds made 
at atmospheric pressure was compared with the ap- 
pearance of those made when the pressure surrounding 
the are was reduced. Such dimensions as bead width, 
height, and penetration were determined at the various 
pressures and plotted against the energy input to the 
electrode, as shown in Figs. 3 and 4 

Figures 3 and 4 illustrate that reverse polarity elec- 
trodes exhibit greater penetrating properties than 
straight polarity electrodes It will be noted that in 
all cases penetration increases as energy mereases, 
in fact, penetration varies in direct proportion to energy 
over the range of these tests This rate of increase re- 
mains about constant for all pressures. If the energy 
supplied to an electrode is held constant and the sur- 
rounding pressure is decreased, the penetration is un- 
affected 


rounding pressure but of heat input 


Thus penetration is not a function of sur- 


NS, 
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DIMENSIO 


Fig. 3 Effect of energy input on bead dimensions at 
atmospheric pressure 
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The factors affecting bead width beside energy and 


pressure are fluidity of molten metal, rate of electrode 


travel, burn-off rate, spatter, coating thickness and are 
length. The two latter factors affect bead width in 
that thev change the distribution of the are stream over 
the workpiece. The width of the beads made in these 
tests increases in direct proportion to the energy sup- 
plied. In all tests the reverse polarity electrode gave 
wider beads. The width of a bead decreased for both 
tv pes ol electrodes as the pressure dec reased 

Since in these tests the deposition rate remained con- 
stant, it would be expected that bead height would be 
reduced ul bead width were increased However, re- 
sults indicate that over the normal welding range, 
bead height remains constant at any pressure. Re- 
verse-polarity electrodes « xhibited a bead height greater 
than straight-polarity electrodes, and the percentage 
difference between the two remained almost constant 
as the pressure was reduced. In every case bead height 
was reduced when pressure was lowered 

Unfortunately, curves such as those shown in Figs. 3 
and 4 do not tell the entire story of the physical ap- 
pearance of a bead. This is particularly true at de- 
creased pressures when the width and height dimensions 
of a bead may appear well proportioned, yet the shape 
of the bead may be far from normal. It is well to re- 
member that in interpreting these figures the curves 
apply only to a normal welding range that has been 
slightly extended and that increased penetration does 
not necessarily imply added electrode material to the 
base metal 

At this point it is interesting to note that Doan’ 
found in examining the appearance of beads that no 
crater was formed when they were deposited in inert 
gases. Only in the presence of an admixture of oxygen 
did he note a crater. In this study it was found that at 
low pressures where oxygen content was low, the crater 
Was not so prominent at the end of the bead as it was 


at the end of a bead made at atmospheric pressure 


Burn-off Rate 


The quality of a weld is determined to a large extent 
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Fig. 4 Effect of energy input on bead dimensions at 5-in. 
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As expected, burn-off rates at all 
12 _ pressures increase as the heat input 
is increased. The rate of increase 

a “a is slightly greater at the low pres- 
Oy aT sures than under atmospheric con- 
e ait ditions, but the trend is fairly uni- 

form for both straight and reverse 
Z 10 . polarity electrodes. 

\ Figure 6 shows the burn-off char- 
ul | | , ) Bo acteristics of straight and reverse 
yi 9 ABOVE) polarity electrodes at various pres- 
| as sures and at various energy inputs. 
In the case of reverse-polarity elec- 
: 8 1s" Hg. ABS: | trodes where the optimum energy 
Zz OPTIMUM , OPTIMUM input is approximately 2900 watts, 
a RANGE | IRANGE! 
FOR FOR it will be observed that for pressures 

5 | POLARITY| POLARITY above approximately 15-in ‘Hg ab- 

25 26 27 28 29 30 32 33 solute there is little change in burn- 
ENERGY INPUT, WATTS «1072 off as the pressure increases. For 

Fig. 5 Burn-off rate as a function of energy input for straight- and reverse- straight-polarity electrodes — this 


polarity electrodes 


by the smoothness of metal transfer from the electrode 
Approximately 85 to 90°% of the 
electrode metal is transferred in the liquid form, and 


to the base metal. 


consequently the character of metal transfer is in- 
fluenced by the rate at which the electrode is consumed. 
Martin‘ states that burn-off rate is influenced by many 
factors, but for a given-size electrode it varies with the 
current, is dependent upon polarity when direct cur- 
rent is used and is influenced slightly by changes in arc 
voltage (are length). Also, the same electrode, used 
with the same current value, has a higher burn-off rate 
with straight polarity than with reverse polarity. 

The influence of energy input upon burn-off rate for 
both straight- and reverse-polarity electrodes is shown 
in Fig. 5. The curve also shows what effect the sur- 
rounding pressures have on the rate an electrode is 
consumed. All curves shown in the figure portray 
average results; however, data from various electrodes 
used did not vary from the average more than 5°. 
The area between the dotted lines in the figure identifies 
the optimum welding range as ob- 


critical pressure is at a higher value 
for the optimum energy input; being 
approximately 18-in. Hg absolute. This graph indi- 
cates then that reverse-polarity electrodes exhibit a 
more constant characteristic to lower absolute pressures 
than do straight-polarity electrodes. It will be ob- 
served, however, that once the critical pressure is 
reached, burn-off increases rapidly with further de- 
crease in pressure; reverse-polarity electrodes ex- 
hibiting the least stable characteristics 
Martin‘ mentions that burn-off rate is probably de- 
pendent on ionization potentials and the disassociation 
characteristics of the coating. It is quite possible then 
that the sudden increase in burn-off rate at lower pres- 
sures, as observed in this study, is a result of these fac- 


tors. 


Are Length 


It is well established that are voltage is essentially a 
linear function of are length. Winsor! found that this 
was true for the range 24-30 v. at various currents 
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tained from these tests 
Examination of these curves 

shows clearly that burnoff rate is a 
appreciably increased as the sur- 
rounding pressure is decreased. It ws 
appears that straight-polarity rods 5 
exhibit a greater burn-off rate than = 
reverse-polarity rods, the burn-off 
rates at optimum welding conditions ro) 
being, respectively, 12 in. per min- z 

‘ a 9F— 
ute and 10.5 in. per minute at the cs 
5-in.. Hg absolute pressure. This 
may be partially explained by the = a 
fact that straight-polarity electrodes 
require greater heat input than 
reverse-polarity electrodes when 


welding under optimum conditions 
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Fig.6 Burn-off rate as a function of absolute pressure for straight- and reverse- 


polarity electrodes 
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NOTE: ARROWS INDICATE LIMITS OF VARIATION OBSERVED 


Fig.7 irc length vs. arc voltage for both reverse- and straight-polarity electrodes 


Fig.8 Macrograph showing the effect of current variation on bead shape using reverse-polarity elec- 
trodes—are length held constant 


Fig. 9 Macrograph showing the effect of are length variation on bead shape using reverse-polarity elec- 
trodes—are current held constant 
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from 120-240 amp. In his experimental studies on 
Type £6010, °/.-in. diameter electrodes, the voltage 
varied from 24 to 31 v. at 120 amp. as the are length 
varied from 0.125 to 0.250 in. He also substantiated 
the fact that in the case of a constant are length, the 
voltage drop across the are increases with a decrease in 
current. 

In this study are length was found to be a linear fune- 
tion of voltage throughout the range of pressures 
studied, as shown in Fig. 7; that is, as the are length 
was increased an increase in voltage was necessary. 
This figure also shows that welding at low pressures 
requires a higher voltage for a given are length than 
when welding under normal conditions. Spraragen® 
states that gas producing coatings on electrodes changes 
the voltage drop across the are and that welding with 
such electrodes is equivalent to welding in an artificial 
atmosphere. At lower pressures the atmosphere sur- 
rounding the are must necessarily contain a higher pro- 
portion of liberated gases as compared to normal pres- 
sure. This difference in composition of atmosphere 
around the are may account for part of the greater 
voltage drop across the are which is observed at low 
pressures. 

The trend of voltage increase with increase of are 
length was similar for both reverse- and straight-polar- 
ity electrodes, particularly at low pressures. The 
range of are lengths, '/s to */s in., was selected as it 
was only within this range that a bead could be made. 
It was difficult to maintain an are closer than about '/s 
in., since the electrode stuck to the base metal by short 
circuiting. On the other hand, an are was not stable 
when it exceeded about */s in. It was interesting to 
note that for both straight- and reverse-polarity elee- 
trodes an ineffective non-welding are could be main- 
tained at are lengths greeter than 5 in. at 5-in. Hg 
absolute pressure. Also it was possible to maintain a 
shorter are at low pressures with the straight-polarity 
electrodes since the thicker shielding sleeve prevented 
sticking of the electrode and directed the are more 
efficiently. The resulting bead, however, was not so 
good as that obtained with reverse polarity when weld- 
ing with short are lengths. 

In order to establish the optimum welding conditions 
at various pressures, the are length was held constant 
at an approximate optimum value (established by trial 
and error) and the current varied. Figure & shows 
sectional views of the beads as obtained with reverse- 
In this case it will be noted that a 
low current deposited “cold” welds with low penetra- 


polarity electrodes. 


tion at all pressures, overlap being present in most 
eases. High currents deposited flat beads with slight 
undercuts at all pressures. Although photographs are 
not shown, the straight-polarity electrode at 5-in. Hg 
absolute pressure at a high current showed a circular 
cross section when examined; that is, reasonably deep 
penetration but a very narrow bead. 

Figure 9 indicates the beads obtained for reverse- 
polarity electrodes when the are current was held at 
optimum value (obtained experimentally) and the are 
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length was varied. Observation of this figure reveals 
that at atmospheric pressure a short arc deposited a 
“cold” bead with a slight tendency to overlap. The 
optimum are length, which in this case is approximately 
'/,in., deposited a well-shaped oval bead. At 5-in. Hg 
absolute short arcs caused a “cold” bead and long ares 
caused the bead to be flat and at times undercut. 
Straight-polarity electrodes at the low pressure indi- 
cated similar characteristics for low and medium are 
lengths, but for a long are length the shape of the bead 
was changed considerably. It appeared as if the rod 
had been laid rather than deposited on the base metal; 
there was practically no penetration. The small cross 
section of the bead was caused by the high spatter loss 
accompanying the high-energy input and the definite- 
ness of the pattern by the thick shielding sleeve of the 
straight-polarity electrode. 

For optimum welds at low pressure, the arc length was 
shorter than that used for similar welds at atmospheric 
pressure, the optimum condition being defined as a 
compromise between bead appearance and spatter loss. 
Reverse-polarity electrodes yielded better welds from 
this standpoint; the two primary reasons being the 
greater penetrating properties of the reverse-polarity 
electrodes and the thinner coating on the rod. The 
thinner coating enables the are stream to cover a 
greater working area, which in this case means a more 
normal-shaped bead. 


Spatter 


During welding, metal from the are stream penetrates 
the base metal and forms the bead on the workpiece 
Some of the electrode, however, leaves the arc stream 
and dissipates itself as globules and vapor in the area 
surrounding the weld. The metal leaving the electrode 
which does not form a part of the bead constitutes the 
spatter loss. 

There are several theories offered to explain the 
cause of spatter, but no single one is fully accepted 
Smith® states that it seems probable that the violent 
escape of carbon monoxide evolved within the metal 
melting at the electrode tip causes miniature explosions 
which project molten metal away from the rod. ‘It 
must be expected, then, that the decarburizing reaction 
will always occur to some extent during actual transfer 
of the metal, and even after its deposition in the liquid 
pool at the weld. The escape of carbon monoxide 
resulting from this reaction within the molten globules 
explodes them, projecting smaller particles out of the 
are stream, and so explaining metal loss by spatter from 
the arc.””, However, Smith maintains that most of the 
metal lost by spatter is projected out of the molten 
pool rather than from the are stream. The liquid metal 
is observed to boil vigorously for normal steel due to 
the escaping gases. 

Keel’ maintains that when iron is heated by the weld- 
ing are from 2900 to 3270° F., it evaporates as iron 


vapor from the puddle. As the vapor is drawn toward 
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cooler regions, the iron condenses and small drops of 
iron fly off at high speed. 

The primary factors affecting the phenomena called 
spatter are surrounding pressure, are length, electrode 
coating, energy input and polarity. In this investiga- 
tion it was found that spatter increased appreciably 
with increased are lengths. Figure 10 is a plot of 
spatter vs. are length for both straight- and reverse- 
polarity electrodes at different pressures. examination 
of this figure reveals that at all pressures the rate of in- 
crease of spatter with increased are length remained the 
same. For same are lengths the spatter increased 
almost in direct proportion to decreases in the pressure 

Normal increases or decreases in welding current did 
Otten 
electrode specifications show a maximum current for 


not appreciably affect the amount of spatter 


an electrode and explain that currents greater than this 
Actually, results of this 
study indicate that the current which causes excessive 


will give excessive spatter 


spatter generally has a value above the normal welding 
range which may be determined by proper bead di- 

mensions and general manual control over welding. 
D. C. Smith® estimated spatter loss for E6010 re- 
verse-polarity electrodes as 13° and for £6013 straight- 


polarity electrodes, 7°;. Some authorities maintain 
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that spatter loss trom straight-polarity electrodes is 
slightly higher than this value 

This investigation revealed, for atmospheric pres- 
sures, a spatter loss for reverse-polarity rods of ap- 
proximately 14% and for straight-polarity rods, a 
spatter loss of approximately 12°,. The variations in 
atmospheric pressures as well as the separate weighing 
of the globules sticking to the base metal contribute to 
the difference between the spatter losses obtained in 
this study and those obtained by other investigators. 
In any event it can bé assumed that these figures are 
lower than those that can be expected during com- 
mercial welding 

When the energy being supplied to an electrode is in- 
creased, the burn-off rate is greater, but the spatter is 
not necessarily increased. However, increased elec- 
trical input adds greater thermal energy to the base 
metal and consequently lengthens the time for the liquid 
pool to solidify. The longer the metal stays in the 
liquid state, the greater the spatter loss Any theory 
that neglects spatter loss in the arc stream itself must 
assume that the losses from the liquid pool increase in 
direct proportion to are length, since the results of this 
investigation indicated total spatter loss increases in 


this manner. Increased are length does increase the 
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Fig. 10 The influence of arc length on spatter loss at different pressures 
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splash of metal forced out of the liquid pool as this metal 
can be seen in the form of globules around the bead. 
In a few tests these globules were collected and ex- 
amined. They were found to be very porous shells, so 
light that their weight accounted for less than 1°% of 
the spatter loss. 

At low pressures, the are stream loses its concentra- 
tration and, to a certain extent, even its direction is 
unstable. The magnitude of these effects increases as 
are length is increased. Even the straight polarity 


electrode, with its heavy coating and deep shielding 
sleeve, exhibited a diverging are stream which, at the 
low pressures, spread out like a cone from the electrode 


tip and covered a relatively large area of the base metal. 
When this type of arc stream existed, very little spatter 
was observed as flying globules, and it is reasonable to 
assume that a large percentage of the loss was due to 
escaping vapors. Examination of the base metal im- 
mediately after a bead was made at reduced pressures 
indicated the presence of these vapors, since it was 
always covered with very fine oxidized particles. If 
the are length or energy supplied was increased or the 
pressure reduced, this effect became more prominent. 
Although all authorities do not agree, some investigators 
maintain that a substantial amount of the transferred 
metal traverses the are stream in the vapor state at 
atmospheric pressure. 

In general, it appears that spatter loss is due to ex- 
plosions of carburized particles in the are stream and 
metal pool, and is also due to the escape of iron vapor 
from the are stream and metal pool. At reduced pres- 
sures this loss is magnified because of the increased 
losses due to vapor escaping from the are stream and 
liquid pool and the increased intensity of explosions of 
carburized particles, 


CONCLUSIONS 


On the basis of the results of this investigation, the 
following conclusions are noted: 

1. If the voltage and current of an electrode remain 
constant and the pressure surrounding the are stream is 
decreased, the bead width and height decrease, but the 


penetration remains constant. At atmospheric and 


lesser pressures the bead width and penetration increase 
with increases in the energy supplied to the electrode, 
but bead height remains unchanged. 

2. Crater formation is not so prominent at the end 
of an are made at reduced absolute pressures as it is at 
atmospheric pressure. 

3. As the pressure surrounding the arc is decreased, 
the are length for an optimum weld is reduced. Much 
longer are lengths can be obtained at lower pressures, 
but only at the sacrifice of the concentration and di- 
rection of the arc stream and at the expense of increased 
spatter loss. 

4. If the energy supplied to an electrode remains 
constant and the pressure surrounding the are is de- 
creased, the burn-off rate increases appreciably. At 
pressures below approximately 15-in. Hg absolute, the 
burn-off rate increases rapidly as the pressure is further 
reduced. 

5. Reverse-polarity electrodes, although more diffi- 
cult to weld at low pressures, offer a better compromise 
between bead appearance and spatter. The straight- 
polarity electrodes, on the other hand exhibit greater 
stability and are easier to operate with at low pressure 

6. Spatter loss is proportional to are length and 
pressure. This loss is probably due to explosions of 
carburized particles in the are stream and metal pool, 
and also due to the escape of iron vapor from the are 
stream and metal pool. The spatter loss varies for an 
optimum weld from approximately 13; at atmospheric 
pressure to about 40©¢ at 5-in. Hg absolute. 
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J. G. Maciora 


SUMMARY 


HE effects of projection size and shape, welding 

current, electrode force, electrode tip material and 

sheet surface resistance on projection weld quality 

were studied. An annular ring-type projection 
gave the best resistance to cold collapse and produced 
welds having greater symmetry and more consistent 
strengths than spherical or conical type projections. A 
spring loaded electrode was found necessary to provide 
an electrode follow-up rapid enough to prevent expul- 
sion during welding. Low conductivity electrode tips 
were used to restrict welding currents to reasonable 
values by reducing heat losses from the weld. Copper- 
tungsten type tip material, (R.W.M.A. Group B, 
Class 11 or 12) with conductivities of 28-300) I.A.C.S 
gave good results To obtain clean, consistent welds 
with a minimum of expulsion and electrode sticking, the 


sheet surfaces must be clean before welding 


INTRODUCTION 


The investigation of projection welding as covered 


in this report is a continuation of previous work done at 
Rensselaer Polytechnic Institute. This program, ap- 
proved and guided by the Resistance Welding Com 
mittee, was financially supported by the Welding 
Research Council for the purpose of broadening the 
knowledge of projection welding and establishing opti 
mum welding conditions for various types and gages of 
steel. This report gives the results of the work done on 
A.LS.1.-1010 steel in the 0.010 and 0.020 in. thick- 
nesses, and a summary of the recommended welding 
conditions for A.I.S8.1.-1010, 1015 and 1020 steel in the 
0.040, 0.062 and 0.125 in. thicknesses 


E. F. Nippes, J. M. Gerken and J. G. Maciora « mnected with the We 
ing Laboratory, Rensselaer P tech Institute, 1 NY 

Scheduled for presentati at the Thirty-First A Meeting, AWS 
Chica I week Oct. 22 0 


The Projection Welding of 0.010 and 0.020-In. 


® In this investigation best results were obtained with annu- 
lar type of projection, the use of a spring-loaded electrode, 
electrode conductivities of 28-30% 1.4.C.S. and clean surfaces 


EQUIPMENT 


\ 200-kva. Thompson-Gibb air-operated, press-type 
welder with provisions for 1*)4-in diameter electrodes 
was used for this investigation \ needle valve was 
installed in the air line to the ram-lowering cylinder to 
reduce the speed of the ram and thereby reduce the 


impact foree on the projection. A spring-loaded elec- 


trode was used to provide the low welding pressures 
required and still give a sufficiently rapid follow-up. 
However, this may not be necessary if the moving head 
of the welder has a low enough inertia to permit the 
rapid follow-up. An electronic weld timer and phase 
control Was used to regulate the weld time and current 
Weld current was measured with a pointer-stop am- 
meter. Weld time was checked with a Brush direct- 


inking oscillograph 


MATERIAL AND PREPARATION 


The material used for this investigation was A.L.S.L.- 
1010 steel in the 0.010 and 0.020 in. thicknesses. Chemi- 
cal analyses of these steels are given in Table 1; the 
mechanical properties are given in Table 2. This 
material was received as pickled and oiled from the mill 
and was then degreased toremovetheoil. Unfortunately, 
the ce greased sheet Wiis € xposed to indoor uirtor about 6 
mo. and became coated with a thin, high-resistance, 
oxide film which caused inconsistent weld strengths. To 
remove this film, all specimens used were pickled in a 
solution of 50°) hydrochloric acid (muriatic) and 50° 
water for 10 sec., water rinsed, dipped in acetone, and 
then wiped dry with a clean cloth 

Surface resistance measurements were made on single 
thicknesses of sheets using a double Kelvin bridge 
It was found that the as-received resistance varied from 
100 to 2000 or 3000 microhms depending upon the 
amount of air exposure the piece had. Sanding the 
surface with 100 grit emery paper reduced the surtace 
resistance to an average of 30 microhms and the pickling 
treatment mentioned above produced a surlace resist- 


ance of 8 to 10 microhms After exposure to air for 
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Table 1—Chemical Analysis 


Thick- 
Item ness, Mn, 
0. No. in. 
l 1010 0 010 0.11 0.35 0.029 
2 1010 0.020 0 O08 0.36 0.021 
3 1010 0.040 0 O08 0.36 0 007 
1010 0 062 0 0.36 0.007 
5 1010 0. 125 0 O08 0.39 0.010 
6 1015 0.040 0.15 0 40 0.012 
7 1015 0.062 04 0.54 0.014 
8 1015 0.125 0.14 0.54 0.014 
” 1020 0.040 0.20 0.45 0 012 
10 1020 0 062 0.20 0.45 0 012 
Il 1020 0.125 0 20 0.45 0.012 


S, Si, Cu, Vi, Cr, 
0.024 Trace 
0.019 Trace 
0 028 0.012 0.04 0.06 0.05 
0.028 0.012 0.04 0.06 0.05 
0.027 0.010 0.06 0.05 0.03 
0.012 0.027 0.038 
0.085 0.010 0.011 0.011 
0.035 0.010 0.011 0.011 
0.042 0.003 0.01 
0.042 0.008 0.01 
0 042 0.003 0.01 


3 days the pickled sheets had a surface resistance of 
about 35 microhms. Pickled sheets, welded after 3 
days air exposure, showed no perceptible difference in 
strength from sheets welded within an hour after pick- 
ling. 


TESTING PROCEDURE 
The methods and specimens used for testing projee- 
tion welds were described in detail in a previous report.' 
The shear and normal tension tests were used in this 
work to determine the effects of the welding variables 
Representative welds were radio- 
graphed to determine the extent of porosity and pro- 


on weld strength. 


jection extrusion and then sectioned to examine the 
microstructure of the weld. 

For the shear test, two 6- by 2-in. sheets were over- 
lapped 2 in. and the projection or group of projections 
centered in the overlap. For the normal tension test, 
two 6- by 2-in. specimens were overlapped, at right 
angles to each other at their centers with the projection 
or group of projections centered in the overlap. Ten- 
sion Was applied to this specimen by means of a jig 
designed to minimize sheet distortion and slippage. 

Projection cold collapse studies were made on the 
0.010-in. sheet at 50, 75, 100, 125 and 150 Ib. electrode 
force and on the 0.020-in. sheet at 100, 125, 150, 175, 
200, 225 and 250 Ib. electrode force. 
of each type tried were coined in the sheet and the 
Each of these 


Three projections 


height measured with a micrometer. 
projections was then subjected to the same electrode 
force and the height again measured with a micrometer. 


This procedure was followed at all the electrode forces 
given above for the two thicknesses of material. 


PUNCHES AND DIES 


On the 0.020-in. sheet and particularly on the 0.010- 
in. sheet it was necessary to design a projection having 
more resistance to cold collapse than the spherical type 
projections used on thicker sheets. Annular, conical 
and truncated cone projections were investigated in 
addition to the spherical type. Of these, the annular 
was found to give the best combination of resistance to 
cold collapse and expulsion. The volume of each 
punch was computed to have the same volume as its 
mating die. Punches and dies were machined from an 
air-hardening steel and were hardened and tempered 
to obtain a hardness of about 53 Rockwell C 


ELECTRODE TIP MATERIAL 


In a previous investigation at this laboratory? it was 
found that a low conductivity electrode tip material 
This 


produced a higher tip temperature which meant a 


produced a greater /?R heat in the electrode tips 


smaller heat loss from the weld to the electrodes and a 
smaller current to produce a given size weld. Since the 
heat loss to the electrodes is more pronounced when 
welding thin sheets, where the ratio of contact area 
between electrode and sheet to weld volume is high, 
only the low conductivity type electrode tips were used 
for this investigation on thin sheets 

Copper-tungsten (R.W M.A. Group B, class 11 o1 


Table 2—Mechanical Properties 


Thick- Yield 

Item 1/.S/, strength, 
No No in, psi 

2 1O1o 0 020 

3 1010 0 040 

0 O82 39,100 

5 0 125 10,700 

1O1S O10 

7 1OLS 0 O82 10,300 

0 125 16,000 

1920 0 040 

10 1020 0 082 19,400 
11 1020 0 125 16,650 


Ultimate 


strength, Hardness, Elongation 
psi. Rockwell B 2 in 
15, 180 55* 
43,000 63* 31 
32 
52 32 
52 30 
25 
5u 
51,030 52 27 
61,450 70 23 
60,200 70 27 


* Converted from VPN using conversion chart from 1989 4.S.MW. Handbook, p. 127. 
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12) with a conductivity of 28-30% I.A.C.S. and silver- 
tungsten with a conductivity of 40-45°% I.A.C.S. were 
tried as electrode tip materials. Of these the copper- 
tungsten type tip material was found to give better 
results, requiring less current to produce a given sized 
weld and to produce more consistent welds with less 
sticking to the electrodes than the silver-tungsten ty pe 
tip material. 


ELECTRODE FOLLOW UP 


In welding 0.010 and 0.020-in 


collapse is almost complete after the first cycle of weld 


sheet, projection 


current. This means that the electrode must have 
rapid enough follow-up to maintain pressure on the 
weld as the projection collapses. The force necessary 
to accelerate the moving head or arm of the welder this 
rapidly would usually be sufficient to collapse the pro- 
jection cold before welding starts. For this reason 
it is necessary to use a spring-loaded electrode for apply- 
ing the welding pressure. For this type electrode the 
welder head remains stationary during the weld cycle 
and only about a 4-in. length of 1'/,-in. diameter copper 
must move to follow the projection collapse and the 
welding force supplied by the spring is great enough to 
produce the acceleration to maintain the force 


WELDING OF THE 0.020-IN. THICK MATERIAL 


In studying the projection welding of 0.020-in. thick 
sheet only the A.I.S.1.-1010 steel was used. It was 
considered unnecessary by the Subcommittee to repeat 
welds on the A.L.S.1.-1015 and 1020 steels because the 
welding conditions and projection dimensions would be 
expected to be the same for these higher carbon steels 
although the resulting mechanical properties would be 
different 

In the design of projections for welding thin sheets, 
certain conditions must be fulfilled: 

1. The projection must have sufficient stiffness to 
resist excessive cold collapse at the welding pressures 
This is necessary to prevent the sheets from coming in 
contact at points other than the projection and cause 


shorting 
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Fig. | Cold collapse of projections in 0.020-in. 1010 steel 
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2. The steepness of the sides of the projection and 
the ratio of the height to the diameter must both be low 
enough so that the displaced metal will fall back into its 
original position on welding rather than be extruded or 
expelled. 

Cold collapse tests were made with three spherical 
0.065 in. diameter, 0.007 in. height; 0.085 
in. diameter, 0.016 in. height; 0.075 in. diameter, 0.020 
in. height. 


projections: 


The results of these tests, Fig. 1, showed 
that at 100 lb. electrode force all projections collapsed 
about 107, and at 150 lb. electrode force the 0.075-in 
diameter, 0.020-in. height projection collapsed about 
30°% while the other two collapsed about 75% 

Series of welds were made on these three spherical 
projections at 100 Ib. electrode force, and strength- 
current curves were plotted. The strengths were 
erratic, particularly the normal tension strength, and 
expulsion and electrode sticking were excessive at rela- 
tively low current values causing porosity in the result- 
ing welds 

\ strength-current curve Was determined for the 
0.075-in. diameter, 0.020-in. height projection at 150 
Ib. electrode force, as shown in Fig. 2. More consistent 
strengths were obtained and the curve was smoother 
than at the lower electrode force; however, expulsion 
and electrode sticking were still noticeable at weld cur- 
rents giving less than a reasonable weld strength 

It was decided to use a higher electrode force and to 
design a projection of larger diameter and somewhat 
smaller height to be able to withstand this greater force 
An annular projection 0.110 in. diameter and 0.015 in 
Cold collapse 
g. 1, showed that at 225 Ib 


electrode force the collapse Was about 30°, The 


height was designed as shown in Fig. 3 


studies for this projection, F 


diameter of the projection was selected as 0.110 in., 
which approaches the diameter of weld plugs obtained 
in previous tests with spherical projections 

Welds were made using this annular projection at 
225 Ib. electrode force, 6 evcles weld time and currents 
ranging from 2500 to 6000 amp. The current range 
was determined by the value which just produced a 
weld to that valiie which caused expulsion. Strength 


current curves for the 0.110-in. diameter, 0.015-in 
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Fig. 2) Strength of welds in 0.020-in., 1010 steel using 
0.075-in. diameter, 0.020-in. height projection 
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fig. 3) Dimensions of punch and die for 0.110-in. diameter 
annular projection 


height annular projection are shown in Fig. 4. Compar- 
ison of Fig. 4 with Fig. 2 shows that the annular pro- 
jection permitted use of higher welding currents result- 
ing in greater strength over a greater range of current 
than the spherical projection. As Fig. 5 shows, the 
normal tension to shear ratio for the both projections 
has an almost constant value of 70°; in the welding 
range. 

The diameters of the plugs pulled from the normal 
tension specimens were measured for both the spherical 
and annular projections and are plotted as a function of 
welding current in Fig. 6. It was noted that when the 
weld strength is plotted against the plug diameter the 
alue is a straight line intersecting both axes 
This is to be expected because for a plug-type 


average \ 
aut zero. 
failure the resisting area is cylindrical and varies di- 
rectly as the diameter of the plug. 

From the strength current curves using the annular 
projection at 225 lb. electrode force and 6 cycles weld 
time, a weld current of 5200 to 5600 amp. was considered 
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fig. 4 Strength of welds in 0.020-in., 1010 steel using 
0.110-in, diameter, 0.015-in. height annular projection 
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Fig.5 Normal strength to shear strength ratio of welds in 
0.020-in., 1010 steel 
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optimum. Using these conditions with 5200 amp. per 
weld and 225 lb. electrode force per weld, multiple 
welds were made simultaneously. To determine the 
best weld spacing, double welds were made at spacings 
of 0.2, 0.3, 0.5 and 0.7 in. and both shear and normal 
tension tests made. On the shear tests, welds were 
spaced in both the axial and transverse direction. The 
results in Table 3 show that the double weld strength 
increases up to 0.5-in. spacing and decreases at 0.7-in. 


weld spacing. Using the spacing of 0.5 in., five speci- 


Table 3—Effect of Weld Spacing on Weld Strength of 


Double Welds, 0.020-In. Thick A.1.5.1.-L0L0 Steel 


Vormal 
Weld spacing, Shear strength, lh. strength 
in, Arial Transverse lb 
0.2 618 672 273 
03 710 THO 209 
05 SO! 
O07 S41 778 $55 
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mens each of three and four weld groups were made for 
shear and normal tension tests. The welds in the 
three-weld specimens were located at the vertices of a 
0.5-in. equilateral triangle having a base perpendicular 
to the long dimension of the specimen. The welds in 
the four weld specimens were located at the corners of a 
0.5-in. square having an edge parallel to the long dimen- 
sion of the specimen. 
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Fig. 6 Weld plug diameter of welds in 0.020-in., 1010 steel 
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Cross sections of welds in 0.020-in. thick sheet. Weld time, 0 cycles 


Annular projection, diameter 0.110 in., height 0.015 in., electrode force Spherical projection, diameter 0.075 in., height 0.020 in., clectrode 
225 Ib. 


force 150 Ib. 


ay 


5520 AMPS. 


CLE 


5940 AMPS. 5330 AMPS. 


Fig. 7 Macrosections of welds in 0.020-in., 1010 steel for 0.110-in, diameter, 0.015-in. height. annular. and 0.075-in. diam- 
eter, 0.020-in. height spherical projections. * 20 
The results, given in Table 4 and plotted in Fig. 8, show projection there is no expulsion or extrusion of projec- 


that as the number of welds is increased the strength per tion metal and that the projection indentation is 


com- 
pletely collapsed back into its original position. | 
hypothetical strength of multiple welds if the strength th 


weld decreases The dotted straight lines represent the ol 
spherical projection some ot the projection meta 
per weld remained constant 


has been extruded radially outward resulting in incom- 


plete filling of the punch indentation 


Table +—Multiple Weld Strength, 0.020-In. Thick A.1.S.1.- Phe recommended conditions for welding 0.020-in 
1LOLO Steel, 0.5-In. Weld Spacing thick A.I.S.1.-1010 steel are given in Table 5 


| MULTIPLE WELD STRENGTH 

1 

SO] 

OS4 


1146 


It will he noted that the =t ength per we ld ce CTeCASES 
more rapidly for normal tension than for shear Fur 


thermore, only a small increase in the total normal ten- 


sion strength is obtained by increasing the number of 
welds 


Figure 7 shows cross sections of welds made in 0.020 


in. sheet with various welding currents Che welds on 


the left in this figure were made with an annular pro- NUMBER we 


jection and those on the right, with a spherical pro Fig.8 Strengths of multiple welds in 0.020-in., 1010 steel, 
using 0.110-in. diameter, 0.015-in. height annular projec- 
jection These sections show that for the annular tions 
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Table 5—Recommended Conditions for Welding A.1.S.1.-1010, -1015 and -1020 Steels in Thicknesses from 0.010 to 0.125 In. 


Sheet thickness, in. 0.010* 
Electrode force, lb. 110 
Weld time, cycles 

Welding current range, amp. 

Projection diameter, in. 

Projection height, in. 

a diameter of fused zone, in. 


6 
5000-5400 
0. 110t 
0.015t 
0 .090t 


5200-5600 


0.020* 0.062 0.125 
225 750 2000 
6 20 45 
8400-8900 14,400-15,000 
0.110+ 0.170 0.300 
0.015t 5 0.042 0.055 
0.110 0.190 0.340 


t ar projection as nin Fig. 3 
t Not a completely fused nugget. 


WELDING OF THE 0.010-IN. THICK MATERIAL 


Welding tests for the 0.010-in. thick steel were con- 
ducted only on the A.LS.1.-1010 steel. The problem 
of projection cold collapse was move critical in the 
0.010-in. thick sheet than in the 0.020-in. sheet, there- 
fore, more shapes and sizes of projections were investi- 
gated. 

The scheme was to coin a series of each projection, 
run cold collapse tests on each series, then run welding, 
tests on the projections which had sufficient resistance 
to cold collapse. The following projections were in- 
vestigated. 


Diameter, in Height, in. Type 
0.077 O15 Annular 
0 110 O15 Annular 
0 075 020 Spherical 
0 080 025 Truncated cone, 30° sides 
0 090 030 Conical, 56° sides 


The results of the study of projection height after 
cold collapse are shown in Fig. 9. The spherical and 
56° conical projections collapsed excessively at 75 Ib 
electrode foree and were considered unsatisfactory. 
However, weld tests were made on the spherical pro- 
jection to compare the results with those for the other 
types. Weld series were made at 75 Ib. electrode force 
on the spherical projection, at 110 Ib. on the 0.077-in. 
diameter annular projection, at 110 Ib. and 130 Ib. on 
the 0.110-in. diameter annular projection, and at 150 
Ib. on the truneated cone projection. 
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Fig. % Cold collapse of projections in 0.010-in., 1010 steel 
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Fig. 10 Strength of welds in 0.010-in., 1010 steel, using 
0.075-in. diameter, 0.020-in. height spherical projection or 
using 0.077-in. diameter, 0.016-in. height annular pro- 
jection 


Strength-current curves for the spherical projection 
and 0.077-in. diameter annular projection are shown in 
Fig. 10. 
tively low current values and had correspondingly low 


Both of these projections expelled at rela- 
strengths. However, the small annular projection was 
an improvement over the spherical ‘projection. 

Figure 11 shows the strength-current curves for the 
0.110-in. diameter annular projection welded at’ 110 
and 130 lb. electrode force. Use of the higher electrode 
force did not increase the shear strength and lowered the 
normal strength of welds. 
also reduced the current range over which the variation 


The higher electrode force 


in strength was small. 

The results for welds made with the truncated cone 
projection are shown in Fig. 12. The peak values of 
strength were about the same as those obtained for the 


ANNULAR PROJECTION 


3000 4000 “5000 
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Fig. 11) Strength of welds in 0.010-in., 1010 steel, using 
0.110-in. diameter, 0.015-in. height annular projection at 
110 lb. and 130 Ib. electrode force 
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Fig. 12) Strength of welds in 0.010-in., 1010 steel, using 
0.080-in. diameter, 0.022-in. height truncated cone pro- 
jections 
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0.110-in. diameter annular projection at 110 lb. elec 
trode force but the results were erratic and there was 
no range of current over which the strength remained 
fairly constant. The inconsistent results are probably 
caused by extrusion of the projection metal into a collar 
around the weld. This condition does not add to the 
weld strength and is to be expected when using a pro- 
jection with a high height to diameter ratio and steep 
sides 

The normal to shear ratio for the 0.110-in. diameter 
annular projection at 110 lb. electrode force, as shown 
50 and 70°) in the normal 


in Fig. 13, varies between 


welding range. The plug diameter of welds, pulled in 
normal tension, made under these same welding con- 
ditions are shown plotted as a function of welding cur- 
rent in Fig. 14. 

From these results the optimum welding conditions 
were determined: 


Projection—Annular 0.110 in. diameter, 0.015 
height 
110 Ib 


6 cycles 
5000 to 5400 amp 


Electrode Force 
Weld Time 
Weld Current 


Using the welding conditions of 5200 amp. per weld, 
110 lb. electrode force per weld and 6 cycles weld time, 


multiple weld tests were made. The best weld spacing 
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Fig. 13) Normal strength to shear strength ratio of welds 
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Fig. 14 
steel, using 0.110-in. diameter, 0.015-in. 
projection 


was determined by making double welds at spacings of 
0.2, 0.3 and 0.5 in., then testing in both shear and nor- 
As for the 0.020-in 
were made for welds aligned in both the aNial and trans- 
The results of 
Table 6, show that the strength of two welds, 


mal tension sheet, the shear tests 


verse direction these tests, given in 
Increases 
as the weld spacing Increases up to the maximum spac- 


ing investigated 


lable 6—Effect of Weld Spacing on Weld Strength of 
Double Welds, 0.010-In. Thick A.1.S.1.-L010 Steel 


Vormal 

Weld spacing trength 
n rs lh 
0.2 203 


For the 0.5-in. weld spacing the normal tension 


strength has just begun to drop while the shear strength 
is still increasing slightly. Therefore, using a weld 
spacing of 0.5 in., five specimens each of three and four 
welds were made for shear and normal tension tests 
As with the 0.020-in 


located at 


sheet, the welds in the three-weld 
the 
equilateral triangle with one base perpendicular to the 


specimens were vertices of a 0.5-in 


long dimension of the specimen lhe welds in the four- 
weld specimens were located at the corners of a 0.5-in 
square having an edge parallel to the long direction of the 
specimen 


The results, given in Table 7 and plotted in Fig. 16, 
show that as the number of welds per group is increased, 
the strength per weld decreases and that the decrease 
in strength is more pronounced for the normal tension 
The decrease in strength is not as great propor- 
tionally for the 0.010-in. sheet as for the 0.020-in. sheet, 
as may be seen by comparing Tables 4 and 7 and Figs. 
Sand 16 


tests 


weld 


using the 


Figure 15 shows a cross section at 50 * of a 
thick steel sheets 


The 


tion of the top sheet is parallel to the page, while 
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direc- 
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Table 7—Multiple Weld Strength, 0.010-In. Thick A.1.S.1.- 
1010 Steel, 0.5-In. Weld Spacing 


Number 


of Shear strength, lb. Normal strength, th. 


welds Total Per weld Total Per weld 
205 142 

5 194 

3 263 

2 337 


168 


outline of the fused zone of welds in these thin sheets 
is not clearly defined, however the structure of the 
metal along the interface is dendritic. The definition 
of the fused nugget is obscured by inclusions and so- 
called zones of “incipient melting.” 

It is believed that these zones of “incipient melting” 
are actually patches of martensite in the ferrite matrix 
caused by diffusion of carbon from carbide particles on 
heating. The time of weld is sufficiently short so that 
the carbon cannot diffuse very far and forms zones 
around the carbide particles of higher than average 
carbon content. When the weld is rapidly cooled at 
the end of welding these high carbon zones transform to 
martensite. The photomicrographs at 1500 in 
Fig. 15 show various stages in the solution of the carbide 
particles. Photograph A shows two carbide particles 
just beginning to dissolve. It is about 0.010 in. from 
the weld-fused zone. Photograph B shows a carbide 
particle about 0.005 in. from the weld zone which is 
approximately half dissolved. Photograph C shows a 
patch of martensite, about 0.002 in. from the weld zone, 
which resulted from the complete solution of a carbide 
particle. Microhardness tests on these martensite 
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Fig. 16 Strength of multiple welds in 0.010-in., 1010 steel, 
using 0.110-in. diameter, 0.015-in. height annular projec- 
tions 


zones indicated a hardness of 435-460 VPN compared 
with 105-115 VPN for the surrounding ferrite. 

To verify the presence of free carbide particles in this 
steel, characteristic etching tests were used. Boiling 
alkaline sodium picrate colored the particles a greenish 
yellow and a boiling ferricyanide solution blackened the 
particles. The alkaline sodium picrate colors carbides 
and dissolves FeS, MnS, FeO and MnO. The ferri- 
cyanide solution blackens carbides but leaves nitrides 
unchanged. 


WELDING CONDITIONS FOR OTHER SHEET 
THICKNESSES 

The conditions recommended for welding A.I.S.L.- 

1010, 1015, and 1020 steels in thicknesses from 0.010 


to 0.125 in. are summarized in Table 5. The values 


Weld in 0.010-in. sheet. Annular projection, 0.110 in. diameter, 0.015 in. height, 5200 amp., 6 cycles, 110 Ib. electric force 


Mages in solution of carbides. 


~ 1500, reduced by 20% in reproduction 


Fig. 15 Microsections of weld in 0.010-in., 1010 steel 
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Fig. 17 Variation of projection dimensions for sheet 
thicknesses from 0.010 to 0.125 in. 


given for the 0.040, 0.062 and 0.125 in. thicknesses were 
given in two previous reports! * on projection welding 
originating from this laboratory. In Fig. 17, projection 
height and projection diameter are plotted against 
sheet thickness. The projection diameter varies almost 
directly as the sheet thickness while the projection 
height increases at a decreasing rate as sheet thickness 
increases. Figure 18 shows cross sections drawn to 
scale of the recommended projections for 0.10- to 0.125- 
in. thick sheets. 


CONCLUSIONS 


1. In welding 0.010- and 0.020-in. thick steel sheet 
it was found that an annular shaped projection, 0.110 in 
diameter and 0.015 in. high, had the best resistance to 
cold collapse and at the same time produced symmetri- 
eal and consistent welds 

2 The movable electrode must have a sufficiently 
rapid follow-up to maintain the correct welding force 
as the projection collapes during the weld cycle. For 
the light forces used on these thin gages, a spring-loaded 
electrode is recommended 

3. A low conductivity electrode tip material must 
be used to keep heat loss to the electrodes to a mini- 
mum. Copper-tungsten type electrodes (R.W.M.A 
Group B, class 11 or 12), with conductivities of 28-30°, 
I.A.C.S., were found to give the best results. 

4. To obtain consistent clean welds with a mini- 
mum of expulsion and electrode sticking the sheet 
surface must be clean before welding. 

5. When multiple welds are made in 0.010- or 
0.020-in. thick A.I.S.1.-1010 steel, a weld spacing of 
0.5 in. will give the best strength. The strength of a 
group of multiple welds is always less than the number 
of welds in the group times the strength of a single weld. 


CROSS SECTIONS OF RECOMMENDED 
PROJECTIONS FOR SHEET STEEL 


/ 30° 0.040 


0.125" 


SHEET PROJECTION PROJECTION PUNCH PUNCH 
DIAM 


THICKNESS HEIGHT TOP DIAM HEIGHT 
IN IN IN 'N IN 
0.010 0.110 0.015 (SEE FIGURE 3) 
0.020 0.110 0.015 (SEE FIGURE 3) 
0.040 0.140 0.025 0.058 0.035 
0.062 0.170 0.042 0.094 0.045 

0.125 0.300 0.055 0.176 0.056 


Fig. 18 Cross sections of projections for 0.010- to 0,125- 
thick sheets 


FUTURE WORK 


Work planned for the immediate future will be the 
projection welding of similar thicknesses of 0.187- 
and 0.250-in. thick steel. This will complete the data 
for projection welding like thicknesses of steel from 
().010 to 0.250 in. thick 

The next phase of the program will be the projection 
welding of dissimilar thicknesses in the combinations 
which are possible with 0.010-, 0.020-, 0.040-, 0.062-, 
0.125-, and 0.250-in. sheet 
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Transformation of Austenite in a Manganese- 
Molybdenum Steel Deposited as Weld Metal 


® The isothermal transformation diagram of a manganese-molyb- 
denum steel deposited as weld metal has been determined; from it 
a cooling transformation diagram has been derived and correlated 
with cooling rates in typical weld deposits and in heat-treated steel 


plate. 


Supplementary data for this weld metal comprise the hard- 


ness and microstructure of an end-quenched hardenability bar, 


Ae, and Ae, 


by O. O. Miller, F.C. Kristufek and R. H. 
Aborn 


INTRODUCTION 


HE familiar isothermal transformation diagram!: * 


(I-T diagram, TTT diagram or S-curve) shows 

quantitatively, for a particular steel, the time re- 

quired for austenite to transform at different tem- 
peratures and provides, in principle, a sound basis for 
understanding and planning welding cycles for the 
steel. It also aids greatly in understanding the com- 
plex behavior and microstructure resulting from the 
numerous heating and cooling cycles involved in weld- 
ing, especially in low-alloy steel base and weld metals,* 
and can be used to prescribe suitable preheat and post- 
heat procedures.* 

I-T diagrams are available for many wrought, and for 
a few cast, steels’ but none has been published for metal 
deposited by welding. Since it has been shown’ that 
austenite transforms in substantially the same way in 
cast and in wrought steels of the same general composi- 
tion one might, as a first approximation, take an I-T 
diagram for a wrought steel as correct for weld metal of 
corresponding composition, but, unfortunately, such 
diagrams are available for only a few of the low-carbon, 
low-alloy steels currently used as welding electrodes. 
We have therefore determined the I-T diagram of 

weld metal of manganese-molybdenum steel, which 
has unusually great toughness and resistance to shock, 
with the aim of explaining, and of suggesting means for 
improving, this notable performance. 
O. O. Miller and R. H. Aborn are counected with the Research Laboratory 
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t Numbers in superseript position refer to 
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temperatures, and 


calculated Ms temperature 


MATERIAL AND EXPERIMENTAL 
PROCEDURE 


The weld metal for this investigation was taken from 
a pad, 4'/, x 12'/: x 1%/, in., built up on a piece of low- 
alloy steel plate, 8 x 16 x 1'/2 in., by superimposing 
successive deposits made with manganese-molybdenum 
steel electrodes covered with a special low-hydrogen, 
type of coating corresponding approximately to the 
present E9015 class. 
to the longest dimension of the pad and with a welding 
procedure essentially similar to that described in 
Table 4. 

Weld metal from the top, sides and ends of the pac 
was removed to a depth of '/; in. and from the surface 


Each pass was deposited parallel 


adjacent to the base plate to a depth of */, in. because 
its chemical composition might not be representative 
of the pad as a whole. The chemical composition was 
substantially the same at six locations in the remainder 
of the pad, as shown in Table 1, and is believed to be 
representative of those portions of the pad which were 
used in this investigation. 

The very small differences in composition among the 
various portions of the pad indicate that the weld passes 
were deposited under fairly constant conditions result- 
ing in weld metal as uniform in composition as could be 
expected. Considerable microsegregation would be ex- 
pected in the cast metal which comprises the weld-metal 
passes; this type of segregation is indicated by some 
differences in microstructure in different areas of each 
specimen and has been taken into consideration by: (1) 
evaluating the average condition in each specimen; 
and (2) basing results on a series of specimens. 

For determining the isothermal transformation be- 
havior of austenite in weld metal, it is desirable to start 
with the austenite approximating, as nearly as possible, 


“its condition when formed by rapid reheating by sub- 


sequent deposits in multiple-pass welds. This problem 
was solved by investigating the effect of different heat- 


ing rates, austenitizing times and cooling rates on 


Manganese-Molybdenum Steel WeLDING Research SUPPLEMENT 


| 
| | | 


Table 1—Chemical Composition of Manganese-Molybdenum Steel Weld Metal 
Chemical composition, % 
Location in pad* c Vin Si Vo Al Al,O 0 \ 
Nl 0.10 1.63 0.21 0.42 
N2 0.10 1.66 0.23 0.41 0.013 0.041 
N3 0.10 1 64 0.19 0.41 
N4 0.09 1.60 0.19 0.42 
N5 0.10 1.63 0.22 0.41 0.013 0.042 
N6 0.11 1 64 0.21 0.41 
Avg. for pad 0.10 1.63 0.21 0.41 0.013 0.042 0. O417 0. O11T 
* Locations N1, N2 and N3 are approximately 4 in. from one end and are, respectively, '/, to in., to in. and */, to 1 in. below 
the original top surface. Locations N4, N5 and N6 are identical to N1, N2 and N3 except that they are approximately 4 in. from 
the other end of the pad. Each sample comprised chips produced from milling a volume of metal '/, in. deep by °/s in, wide by 3°, in, 
long 
+ Determinations made at another time from a single location 
specimens of the weld metal until we obtained a micro- Time to reach 2000° F in silver bath 2 sec. 
structure and prior austenite grain size which ap- Austenitizing time at 2000° I 20 see. 
proximated those in the weld metal recrystallized No evidence of undissolved carbides was found in speci- 
subsequent passes in multiple-pass welds. The de- fi 


‘ : mens austenitized for five or more seconds at 2000° F. 
sired microstructure, comprising approximately 80°; 


For the standard A.S.T.M. end-quench hardenability 


ferrite and 20% martensite in a Widmanstatten type of test, the specimen was austenitized for 4 hr. at 1700° F. 
arrangement, was produced by cooling in still air after in cast-iron chips to produce an austenite grain size 
the following austenitizing procedure which was sub- similar to that produced in 20 sec. at 2000° | Subse- 
sequently adopted for determining the I-T diagram quent examination indicated no significant amount of 


Size of specimen X X 7/19 IN carburization or decarburization during austenitizing. 


G @.46 Mn - 1.63 Mo - 0.4/ 
AUSTENITIZED AT 2000 F FOR 20 SECONDS; GRAIN SIZE 5-6 
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Fig. 1 Isothermal transformation diagram of manganese-molybdenum steel weld metal 
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ISOTHERMAL TRANSFORMATION DIAGRAM 
AND SUPPLEMENTARY DATA 


The isothermal transformation diagram of this weld 
metal, given in Fig. 1, was determined by austenitizing 
specimens as described above, cooling rapidly to the 
appropriate temperature level for transformation and 
following the progress of transformation by the well- 
In the temperature range 
transformation to ferrite 


known microscopic method. 
between 1250 and 1000° F., 
begins in a very short time and proceeds rapidly, es- 
pecially in the neighborhood of 1000° F.; in this temper- 
ature range a long time is required for the initial ap- 
pearance of the carbide phase and a very long time is 
necessary for the completion of transformation. 

The microstructures of the weld metal after partial 
transformation isothermally at temperatures of 1200, 
1100, 1000, 900 or 800° F. are shown in Fig. 2.t The 
“tI imitation in reproduction of micrographs in Fig. 2 in some cases may 
suggest the presence of dark-etehing ferrite-carbide aggregates at 1200 
1100 and 1000°F this is erroneous because ferrite and martensite are the 


only constituents present 


1200 F.: Blocky ferrite and martensite 


1000) OF. 


hee 


Acieular ferrite and martensite 


F.: 


acicular§ nature of the ferrite formed at 1100 and 
1000° F. in contrast to its equiaxed or blocky shape at 
1200° F. is noteworthy. Estimates of the percentage 
of transformation emphasize the tendency for very 
rapid formation of ferrite without carbide in the neigh- 
borhood of 1000° F. Transformation is even faster at 
900 and 800° F. to vield bainite. 
The following measurements have been made on the 
weld metal for use in conjunction with the transforma- 
tion studies: 
Ae; temperature = 1575 = 10° F. 
Ae, temperature = 1280 + 5° F. 
Austenite grain size (A.S.T.M.) = 
sec. at 2000° F.) 

Austenite grain size (A.S.T.M.) = 
hr. at 1700° F.) 

Maximum hardness of martensite = 380 DPH (39 
RC) 

§ The word “acicular™ is used to describe the characteristic 


of this Widmanstadtten type of arrangement of ferrite and martensite 
the structure is comprised of interlocking plates of the two constituents 


5 to 6 (after 20 


5 to 7 (after 4 


Acicular ferrite and martensite 


1100° F.. 


Bainite and martensite Boo OF: Bainite and martensite 


Microstructure of manganese-molybdenum steel weld metal partially transformed isothermally at the temperatures 


Fig. 2 
indicated. 1000. Etchant: Picral 
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Fig. 3 Hardness and microstructure of end-quenched 
hardenability bar 6f manganese-molybdenum steel weld 
metal 


DISCUSSION OF RESULTS 


The tendency to form acicular ferrite in a Widman 
statten structure ¢ omprising chiefly ferrite and marten 
site appears to be greater for this weld metal than for 
most other low-carbon steels, for which I-T diagrams 
have been determined at this Laboratory, as indicated 
by the data in Table 2 or some of these steels, es- 
pecially those containing an appre able percentage ol 
nickel, the Ae; temperature is considerably lower than 
for this weld metal; consequently, for these steels the 
comparison of structures formed at the same tempera 
ture level is not strictly valid, although it is believed 
that the correct trend is indicated \t any given 
temperature, transformation products from coarse 
grained austenite appear more ac icular than those from 
fine-grained austenite however, this fine-grained weld 
metal gives a more acicular ferrite than coarse-grained 
molybdenum steel or chromium-silicon-copper-phos 
phorus steel The fact that the veld metal is cast 


whereas the other steels W lable 2 are wrought may 


have some be aring on the shape of the ferrite obser ed 
Related work indicates that m ingaunese mav contribute 
strongly to the formation of Widmanstatten at 
rangement of martensite and acicular-shaped ferrite 
and the weld metal is relatively high in manganese, as 
shown in Table | 

The highest temperature V.. at which the first trace 


of martensite forms in a steel on the rapid cooling of 
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Fig. 4 Comparison of cooling of weld deposits from 
manganese-molybdenum steel electrodes with two con- 
stant-rate cooling curves 


austenite was calculated approximately from the chem- 
ical composition by means of the formula proposed by 
Grange and Stewart.* ° Although this is an empirical 
relationship for steels higher in carbon than the weld 
metal, it is probable that it applies in this case as well 
For austenite of the mean composition ol the weld 
metal, MW, is calculated to be 800° J For pools of 
austenite assumed to contain 0 H, carbon because of 
enrichment of austenite by rejection of 75°) proeu- 
tectoid ferrite, WV, is 605° | 

Thus, it is evident that rejection of ferrite has a sub- 


stantial influence on the .W/, temperature of the remain- 
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ing austenite. Other work,’ on a wide variety of 
medium-carbon low-alloy steels, enables one to estimate 
that when austenite with the composition of the weld 
metal is cooled rapidly, approximately 99°; of it has 
transformed to martensite when 650° F. is reached; 
this is indicated on the I-T diagram in Fig. 1. 

The hardness and microstructure of the end-quenched 
hardenability bar are given in Fig. 3 which shows that 
the hardenability of the weld metal is relatively low, 
as would be expected because of the low-carbon content 
and the corresponding strong tendency to reject pro- 
eutectoid ferrite, as shown in Figs. | and 2. 

Retention of austenite apparently is not a significant 
factor in the marked toughness of the weld metal be- 


cause little, if any, is retained. Table 3 shows that 


retained austenite does not exceed 1%, even in the 
presence of relatively high-carbon pools of austenite 
formed during holding at 1000° F. for 50 min. The 
amount of retained austenite is probably much less 
than 1°, though we have no experimental means for 
determining extremely small quantities. 


DERIVED COOLING TRANSFORMATION 
DIAGRAM 


A limitation of the I-T diagram is that it does not in- 
dicate accurately the microstructures which result on 
continuous cooling, such as occurs after weld metal is 
deposited. It is therefore desirable to have a cooling 
transformation diagram (C-T diagram) which can be 
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Fig. 6 Diagram showing austenite transformation in manganese-molybdenum steel weld metal on cooling at constant 
rate derived from isothermal diagram 
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NOTE: A, F.P, B, M and My are same as in Fig. 6. 


ing curves |, 2 and 3 are, respectively, for weld deposits from 


6-in. plate in air (see Fig. 5). 


Fig. 7 


either determined experimentally or derived from an 
I-T diagram. The experimental procedure is difficult in 
any steel, and practically inoperable in the case of a low- 
carbon steel. Several means of deriving a C-T diagram 
from an I-T diagram have been suggested ! but 
all are subject to certain assumptions and inaccuracies 


W e have chosen 


to use the method described by Grange and Kiefer 


though they do give a useful result 


In this method it is necessary to choose a single family 


of cooling curves; either constant-rate or variable-rate 
curves may be employed (‘onstant cooling-rate curves 
were chosen since these are convenient to use and, for 
comparative purposes, do not differ greatly from the 
cooling curves for weld deposits and plates, as illustrated 


Cooling curves | to 6 in | ig 1 are tor 


in Figs. 4 and 5. 
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respectively, for weld deposit« from and 
te in agitated water (see Fig. 5). Cooling curve 8 is for center of 3-in. plate in air (see Fig. 5) 


Cooling curves for weld deposits from manganese-molybdenum steel electrodes and for plates superimposed on 
derived cooling transformation diagram 


Cooling Curves for Weld Deposits and Plates, 
Described Below, 


.and Mn-Mo steel electrodes in 1.5-in. plate (see Fig. 4). Cool- 


n 0.5-in. plat ig. 4). Cooling curve 7 
Cooling curve 9 is for center of 


-in. Mn-M 


eel electrode 


weld deposits from three sizes of electrodes in two 
thicknesses of steel plate hey were derived by taking 
the data in Table 4 on energy input during welding with 
manganese-molybdenum steel electrodes finding 
the corresponding weld cooling curve for the same 
electrode S1Ze plate thickness interpass temperature 


Merrill, Nippes and 


The three experimentally determined cooling 


and energy input given by Hess 
Bunk 
curves in Fig. 5 are for the center of 6-in. plate 
quenched in water and for 3- and 6-in. plate cooled in 
air; these curves are of particular interest in consider- 
ing the use of this weld metal for the welding of low- 
alloy steel in form of thick plate which is to be austeni- 
tized and quenched after welding 


On this basis, we obtained the ¢ my diagram pre sented 


Vanganese-M olybdenum Steel 155-s 


BS 
Se 
1400) ins \ 
\ XS 
600 A--P stops\, 
\ 
400 \ WN \ \ 
600 
300 : 
A 
> | 
4 


Ae Austenite 
temperature, grain 
Steel v. size 
0.05 C(Rimmed) 1335 Fine 


Cr-Si-Cu-P* 


S.A.E. 4815 1250 Fine 
S.A.E. 3310 1245 Fine 
S.A.E. 8620 1335 Fine 
S.A.E. 2512 1135 Fine 
Mot 1330 Coarse 
Mot 1330 Fine 
Mn-Mo weld metal 1280 Fine 


Table 2—Microstructures of Low-Carbon Steels Transformed Isothermally 


Part coarse 


- ——WShape of ferrite formed at 

1200° F. 1100° P. 1000° F 

Equiaxed t Part acicular 
Part acicular 

Equiaxed Part acicular 

Equiaxed Equiaxed Part acicular 

Equiaxed Part acicular 

Equiaxed Equiaxed E-quiaxed$ 

Equiaxed Acicular Sharp acicular 

Equiaxed Part acicular Blunt acicular 

Equiaxed Sharp acicular Sharp acicular 


“0.08% C, 0.26% Mn, 0.18% P, 0.73% Si, 1.10% Cr, 0.45% Cu. 
+ A little elongated. 

{ 0.22% C, 0.8% Mn, 0.5% Mo 

§ Blunt acicular at 900° F. 


Fig.8 Typical microstructure of manganese-molybdenum 
steel weld metal as deposited in a 1.5-in. plate joint made 
with a’ .-in. electrode by are welding Microstructure is a 
Widmansttten arrangement essentially of ferrite and 

martensite. Etchant: picral. 500 @ 


in Fig. 6. It lies to the right and below the I-T dia- 


gram. It is modified to take into aecount the probable 
influence upon the /. temperature of carbon enrich- 
ment of austenite by rejection of proeutectoid ferrite. 
Though the MW, is shown as a line, its exact position 
below SOO° F. 
and accordingly its position must be regarded as ap- 
The microstructures, which form on cool- 


cannot be calculated with great accuracy 


proximate. 


ing at different rates are indicated in Fig. 6. The C-T 
diagram, weld-deposit cooling curves (Fig. 4) and cool- 
ing curves for steel plates (Fig. 5) are assembled in 
Fig. 7 which shows that transformation to pearlite is 
too slow to be significant in welding with this type of 
electrode and that attention should be concentrated on 
transformation to ferrite, bainite and martensite. 

It is well known that transformation of austenite, 
isothermally or on continuous cooling, is influenced by 
such variables as grain size and carbon content. The 
effect of these variables on the position of the ferrite 
and bainite lines of the C-T diagram in Fig. 7 is believed 
to be approximately as follows: 

1. The lines for the beginning and completion of the 
formation of bainite move to the right and down into 
the shaded areas, shown in Fig. 7, as a result of carbon 
enrichment of the austenitic pools if proeutectoid fer- 
rite has been reiected during cooling. This rejection of 
ferrite was not taken into consideration in deriving the 
C-T diagram. 

2. The bainite lines are displaced to the left as 
austenite grains become larger, and to the right into 
the shaded areas as they become smaller; these changes 
are due to the influence of austenite grain size upon 
ferrite rejection and the consequent carbon content of 
the austenitic pools. For specimens of a particular 
steel differing in grain size, but cooled at the same rate, 
the carbon content of austenite which reaches bainite- 
forming temperatures is higher the smaller the austenite 
grains because more ferrite is rejected during cooling. 
This effect, also observed in 3312 and 4815 wrought 


Source of weld metal Austenitizing 


As-welded 0.5-in. plate 


Pad 2000° F., 20 sec 
Pad 2000° F., 20 see 
Pad 2000° F., 20 see 
Pad 2035 ° F., 20 sec 
Pad 2035° F., 20 see. 
Pad 2035° F., 20 sec 


Table 3—X-Ray Diffraction Study of Manganese-Molybdenum Steel Weld Metal for Traces of Retained Austenite 


Interpretation of diffraction 
pattern 


Austenite Amount of 


Cooling lines austenite, % 
None Less than 1* 
Arrested t None Less than 1* 
Air to 70° F None Less than 1* 
Oil to 70° F. None Less than 1* 
Arrested{ None Less than 1* 
Arrested§ None Less than 1* 
Arrested Very weak About 1 


* There may be no retained austenite; in any event there is not more than 1%, 


This sensitivity was established by an X-ray diffrac- 


tion study of high-carbon steels known from metallographic work to contain retained austenite from as little as 1% to as much as 10% 


* Quenched into salt at 500° F., held at 500 
~ Quenched into lead at 1000° F., held at 1000 
Quenched into lead at L000” F., held at 1000 
Quenched into lead at 1000° F., held at 1000 
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F. for 2.5 hr., and quenched to 70° F. 
F. for 50 min., and air cooled to 70° F 
F. for 50 min., and oil quenched to 70° F. 
F. for 50 min., and brine quenched to 70° F. 


Table 4—Energy Input During Welding with Manganese-Molybdenum Steel Electrodes 


Preheat and 
Electrode maximum interpass 
size temperature, Current 
F amp 
175 
220 
325 


Average Arc Conditions* 
. Speed, Energy input, 

un min Joules ;in 

2% 7 33,000 

2 45,000 

25 70,000 


* These are the are conditions recommended by one of the manufacturers of manganese-molybdenum steel electrodes, when the proper 


size of electrode is selected to fill the space in the groove 


steels, is opposite to the well-known effect of austenite 
grain size on the position of the ferrite line in I-T and 
(-T diagrams. 

3. This type of manganese-molybdenum steel weld 
metal frequently contains approximately 0.15°; car- 
bon in place of the 0.107 in the pad used for this work 
If carbon content is greater than 0.10°;,, the beginning 
lines for ferrite and bainite, and possibly the completion 
line for bainite, move into the shaded areas 

This shifting of the lines into the shaded areas ts, ot 
course, accompanied by changes in microstructure for 
the same cooling rate; for example, when the nominal 
carbon content is higher, with consequent shifting ot 
ferrite and bainite beginning lines to the right, the zone 
No method 


exists at present for estimating the correct location of 


labeled Martensite, Fig. 7, becomes wider 


the lines in the shaded areas 

The shift of the bainite beginning line to the right 
and downward makes possible structures consisting es- 
sentially of ferrite and martensite in the weld metal as 
deposited, as is evident from the position of weld-metal 
cooling curves | to 6in Fig. 7 A typical microstructure 
of manganese-molybdenum steel weld metal, as de- 
posited in the last pass of a multiple-pass weld in 
in. plate, is shown in Fig. 8: it is frequently not sig- 
nificantly different from Fig. 8 when recrystallized by 
subsequent passes in a weld of this type 

(Cooling curves 7, 8 and 9 in Fig. 7 represent the much 
slower cooling of the center of the 3- and 6-in. plates 
as mentioned above, these curves are of interest in rela- 
tion to use of the weld metal in welding of thick plate 
Obviously, the hardenability of the weld metal is too 
low for such an application, if a microstructure of tem 


pered martensite is desired 
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The isothermal transformation diagram of manga 
nese-molybdenum steel weld metal in Fig. 1, the ae- 
companying micrographs in Fig. 2 and the end-quench 
hardenability data in Fig. 3, constitute a summary of 
the experimental work. The derived cooling trans- 
formation diagram is given in Fig. 6 and a somewhat 
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Direct current is employed and the electrode is positive 


schematic modification is shown in Fig. 7 with super- 
manganese-moly b- 


denum steel weld metal deposited from °/3, */;s- and 


imposed cooling curves fot a 


'/-in. electrodes in both 0.5- und 1.5-in. plates; (b) 
(§-in. plate quenched in agitated water; and (c) 3- and 
6-in. plates cooled in air. A typical example of the 
microstructure of the weld metal, as deposited, is shown 
in Fig. 8 

Two observations have been made which are believed 
to be related to the relatively great toughness and shock 
resistance of this weld metal 

1. The tendency to form acicular ferrite, in a 
Widmanstitten structure consisting essentially of fer- 
rite and martensite, is very great for this manganese- 
molybdenum steel weld metal. Experience indicates 
that acicular microstructures, whether in weld metal 
or base metal, are generally associated with a tough- 
ness superior to that of equiaxed microstructures. In 
multiple-pass welds a very strong tendency to retain 
the acicular microstructure has been observed when this 
weld metal is reheated by subsequent weld passes. It 
appears probable that the considerable percentage of 
manganese in this weld metal is a significant factor in 
producing this structure 

The rapid and extensive formation of acicular fer- 


rite, in the approximate range 900 to L100° F., so en- 
riches the residual austenitic pools in carbon that, in 
the relatively fast cooling that occurs in welds, these 
pools are largely retained through the intermediate 
temperature range and, as a consequence, transtorm 
largely to martensite instead of to bainite (see Figs. 7 
and 8 This is believed to be advantageous because 


other investigations indicate that microstructures 
consisting of ferrite and martensite (and/or probably 
lower bainite) have much greater toughness and shock 
resistance than those consisting ol territe ind upper 
bainite or pearlite, assuming that the amount of free 


ferrite is about the same in both cases 
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Stress-Corrosion Cracking of 
Mild Steel 


Discussion by R. N. Parkins 


The authors are to be congratulated in adding to the 
increasing amount of data available on the stress- 
corrosion cracking of mild steel, particularly in the field 
of the influence of the corrosive environment, where 
systematic information is lacking. 

In the conclusions reached from the present work they 
state “it is possible that the cold working of the metal 
acted as a preventative to. stress-corrosion,”’ which 
would appear to be in contradiction to the findings of 
the majority of other workers in this field."* It would 
appear, however, on a closer examination of the results 
given, that such a conclusion is not justified, since, after 
removing the cold-working effect due to drawing by 
heat treatment, the stress applied during the corrosion 
test is frequently above the vield point of the material 
(ef. Tables | and 2). The material then must be in a 
cold-worked condition during corrosion, the difference 
between the two cases merely being in the degree of 
plastic deformation which the metal undergoes. 

Apparently then, small degrees of cold work do not 
inhibit failure while the considerable amount of plastic 
deformation undergone during wire drawing has the 
The explanation of this phenomenon 
may well lie in the results which show the effect of 


opposite effect. 


annealing «subsequent to cold working and prior to 
corrosion testing, and the effeet which these treatments 
are likely to have upon the microstructure. 


R. N. Parkins, Department of Metallurgy, University of Durham, New 
castle Upon Tyne. 1, England 


Paper by D Cubieceiotti ead William Boyer was published in the Resear 
Supplement to the March, 1950, pp 140-6 to 145-5 
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ss-Corrosion Cracking 


Thus in the cold drawn state the microstructure is 
likely to be so severely distorted that the conditions 
within the grain boundaries which normally lead to 
stress-corrosion cracking no longer exist. Annealing at 
600° C., which should b 
temperature, would be expected to render the material 


» above the recrystallization 


susceptible to stress corrosion again if nitride precipita- 
tion was the cause of the phenomenon, since recrystal- 
lization and precipitation would be expected to occur at 
this temperature. It may be significant, however, that 
only when the carbide precipitation temperature has 
been passed does the susceptibility return, Le., only 
when the 
the subsequent change in distribution of the cementite 
does cracking recur. The effeet of a small amount of 
plastic deformation on the annealed microstructure will 


annealing temperature exceeds 725° C. with 


be negligible in comparison with the change likely on 
cold drawing. 
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Authors’ Reply 


The suggestion of R. N. Parkins that the microstruc- 
ture of the cold-drawn wire is so severely distorted that 
stress corrosion does not oceur and that recrystalliza- 
tion above the carbide precipitation temperature re- 
Vives stress corrosion susceptibility is very interesting 
I would like to add to this suggestion the idea that very 
probably it is the surface condition of the wire that de- 
termines susceptibility to stress corrosion since it is at 
the surface that the cracking must begin. ‘Therefore an 
investigation of the relationship between microstruc- 
ture and susceptibility to cracking might well be 
directed toward a study of the surface structure as well 
as the body structure of the metal. 
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Effect of Low-Temperature Cooling Rate on the 
Ductility of Arc Welds in Mild Steel 


® The ductility of E6010 welds depends on the rate at which the 
cooling weld traverses temperatures below 400° F., rapid cooling 
promoting low ductility. This behavior, to which low-hydrogen 
welds appear immune, has important practical implications 


by A. E. Flanigan, S. I. Bocarsky and 
G. B. McGuire 


INTRODUCTION 


T HAS long been realized that the ductility of an 
are weld in mild steel is influenced by the rate at 
which the cooling weld traverses temperatures In 
the region of 1000° F. Such “elevated-tempera- 


ture” cooling rates are believed to affect the nature of 
the austenite transformation and their influence has 
been widely studied While less attention has been 
given to the possibility that ductility may also be 


affected by the rate at which the weld cools through Fig. 1 Bend test eres 


lower temperatures, there have been indications that 
se “low-temperature rates’”’ mav also be significant 
these lov temperature rate may also be significan reported in terms of a longitudinal notched-bend test 


Phe work of Bland is of particular importance comdeaatnil od 100° F A typical test specimen is 


) Das “Urs 4 ave 
During the past two vears, three these have shown in Fig. 1. It consists of a bead-on-plate weld 


‘itten at the U TSI Calife 
been written at the University o alifornia on the deposited along the major center line of a 4 x 9 x 


subjee -te ‘rature rates. They s that 
ubject of low-temperature rate hey how ha in. blank previously flame cut from a large plate 


weld ductility is strongly affected by the rate of cooling The axis of the weld lies in the direetion of rollin The 


even at temperatures well below 400° F. and they sug- : : 

transverse h pre pared with a CONVEX milling 
res ‘nce is one considerable actie:s 
gest that this influence is one of considerable practical vaatie in. radius), is cut to a depth of 0.020 in 
below the surface of the plate At the center line of the 


weld the notch terminates in the weld metal, the depth 


importance Thev show also that the hydrogen con- 

tent of the weld is, in part at least, responsible for the 

phenomenon. The results are generally consistent 
th those am 

with ho e ot Bl in | welding conditions employe d 
Che present paper is based in the main on the investi- In 


of weld penetration being about 0.110 in. under the 


testing, the specimen was bent as a centrally- 
—— reported ws the theses An extension of the loaded simple beam with the note hed side in tension 
work, now in progress, * will be described in a later paper The bending fixture, shown in Fig. 2, employs a 6-1n 
yg ire, sh g. 2, employs a 6- 
spacing between supports sending was accomplished 


2. THE BEND TEST at a cross-head speed of 0.4-in. per minute and was 
- continued up to the sudden and complete fracture of 
Throughout the paper, ductility measurements are the specimen, the bend angle attained at fracture being 
A. E. Flanigan is Associate Professor of ng, University of taken as the measure of ductility 


ad G. B. MeGuire io Rex During testing, the specimen and the fixture were 
surrounded by an alcohol bath at 100 | The 


aleohol tank is not shown in Fig. 2 Reasons for con- 
ducting the tests at this low temperature are described 


in Section 11 
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Fig. 2 Fixtures used in bend tests 


3. MATERIALS AND WELDING PROCEDURE 


The specimens were prepared from two heats of 
semikilled */y-in. A.S.T.M. A285-C firebox quality 
plate. The chemical analyses and tensile properties 
of the materials are listed in Tables 1 and 2. The 
analyses are similar and it is believed that the two 
heats behaved in essentially similar manners. 


Table l—Chemiecal Analyses of Plates and Welds 
Vn s Si \ 
plate, Ist heat 017 O38 0014 0.03 0.03 0.006 
plate, 2nd heat 019 033 0015 0038 0.07 0.005 


L-6010 Weld on Ist 
heat 010 040 0.013 0.08 0.15 0 012 


All welds, aside from those of Section 8, were de- 
posited with a popular brand of */i-in. A.W.S. E6010 
A chemical analysis of the weld metal is 
ineluded in Table 1 


electrodes 


Table 2—Tensile Properties of the Steel 
nul heat 


Ultimate stress, 1000 psi 59.7 
Yield point, L000 psi 36.9 
Mlongation at fracture, per cent in 8 in 3 28 


Ist heat 


7 


Prior to welding, the mill scale was ground from the 
blanks along the path of the weld 
complished at 25 v. with a current of 170 amp. and an 


Welding was ac- 


are speed of 7.7 in. per minute. Following welding, the 


specimens were stored at room temperature for a period 
of from 4 to 5 davs before testing 
1. TESTS ON QUENCHED WELDS 


To isolate the effeet of low-temperature cooling rate 
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° 


E6010 , A265¢ 
TESTED aT-100°F 


AIR-COOLED UNTIL 
° j QUENCHED IN WATER AT 


BEND ANGLE AT FRACTURE, DEGREES 


2 e 32 64 126 236 NOT QUENCHED 


TIME BETWEEN COMPLETION OF WELD ANDO QUENCHING, MIN 
( WELO COMPLETED 35 SECONDS AFTER PASSING MID-LENGTH) 


Fig. 3 Influence of quenching following welding on the 
bend test behavior of E6010 welds 


on ductility it was desired to vary these rates without 
altering those at the temperatures of the austenite 
transformation. This section deals with one of the 
several methods which were used to attain this end 
After welding, a group of E6010 specimens was al- 
lowed to cool in airt for various periods ranging from 
one minute to several hours. Air cooling was then 
interrupted and the specimens were quenched in water 
at 70° F. 
subjected to bend tests at — 100° F. 


Subsequently they were notched and were 


The results of these tests are shown in Fig. 3. It will 
be seen that the specimens which had been allowed to 
cool for 8 min. or longer before quenching fractured at 
characteristically large values of bend angle, generally 
greater than 15°. In the case of specimens quenched 
within 4 min. after the completion of welding, much 
smaller values of bend angle were attained, all values 
lving in the range from 2 to 4°. 

To aid in interpreting the results of Fig. 3, dete: 
minations of weld temperature were made during air 
cooling following welding. This was accomplished by 
means of a high-speed autographic potentiometer 
actuated by a 28-gage chromel-alumel thermocouple 
During welding, the couple was inserted in the molten 
weld at the mid-length of the specimen, the region of the 
notch in Fig. 1. The resultant cooling curve (based on 
an average of three determinations) is shown in Fig 
4. Only the upper curve in the figure is of interest at 
this point, the other referring to a condition to be 
described in the next section. 

From Fig. 4 it may be seen that at the completion of 
welding (35 sec. after passing mid-length) the weld 
temperature had reached a value of approximately 
400° 
325° F. 
of Fig. 3 were embrittled by rapid cooling from tem- 
Since all of the 


Four minutes later it had fallen to about 
Thus it appears that the low-ductility welds 


peratures between 400 and 325° F 
specimens of Fig. 3 had identical cooling histories at 
temperatures above 400° F., embrittlement must be 
attributed to the influence of low-temperature cooling 
alone. 


signifies 
men lying horizontally on a wood surface 
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€ 6010 3/4" PLATE 
BEAD -ON— PLATE WELO 
EACH CURVE BASED ON av'G 
OF 3 AIR-COOLED SPECIMENS 
amp, 25voite, 7.7 in / min 
12 


Room Tempercture 
= 


TEMPERATURE OF WELD AT MO-LENGTH, °F 


os | s $0 100 1000 
TIME ELAPSED AFTER REACHING 1600°F SECONDS 


Fig. 4 Influence of specimen width on the cooling rate of 
the weld 


5. TESTS ON WIDE SPECIMENS 


In the tests of the preceding section quenching was 
employed to accelerate cooling in the low-temperature 
range. Since such treatments are seldom encountered 
in practice, one may wonder if the behavior exhibited 
in Fig. 3 is of practical interest In this connection 
it is well to remember that, even in the absence of quench- 
ing, the low-temperature rates encountered in practice 
are often more rapid than that which results from the 
air cooling of a 4- x 9- x */y-in. specimen 

One of the factors which would be expected to influ- 
ence the rapidity ol low-temperatu e cooling is the ratio 
of the heat capacity of the specimen (a function of size 
to the total heat input in welding. For the relatively 
small specimen of Fig. 1 this ratio is less than that which 
would result if the same weld were deposited on a more 
massive specimen. Thus, low-temperature cooling 
even in the absence of quenching, would be expected to 
be more rapid in a larger specimen 

To determine the effect of accelerated cooling ob- 
tained through the use of a more massive specimen, a 


series of 12- x 9- x */\-in. specimens was studied, Aside 


from their increased widths, these specimens were in all 
respects similar to those of Fig. 1 See the sketch in 
Fig. 5 They were welded in the usual manner with 
£6010 electrodes and were cooled in ait Later the wide 


specimens ‘were sawed to a 4-in width before being 


WHEN WELOED 
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Fig. 5 Influence of specimen width on bend test behavior 
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tested at —100° F. 
rically identical with the standard specimen 
The results of the tests are shown in Fig. 5 where they 


When tested, they were geomet- 


are compared with those for the air-cooled standard 
specimens of Fig. 3. It will be seen that, even in the 
absence of quenching, the values of bend angle at 
fracture are strikingly low in the case ot the wide 
specimens 

A comparison of the cooling curves for the 12- and 
the 4-in. specimens is shown in Fig. 4 where it will be 
observed that there is practically no difference in rate 
is reached At 


lower temperatures the cooling of the wide specimen 


until a temperature of about 400° F 
is considerably more rapid. For example, it will be 
noted that the 4-in. specimen requires approximately 10 
times as long to cool to a temperature of 200° F 

That the elevated-temperature rates of the two speci- 
mens should be similar is of course not unexpected 
since an appreciable time is required for heat to flow 
from the region of the weld to the edges of even the 
f-in. specimen. During this interval the temperature 
gradi nt near the weld, and hence the cooling rate of 
the weld, is little affected by the width of the specimen. 
Only during later stages would one expect the cooling 
rate to be affected 

It is concluded, then, on the basis of Figs. 4 and 5 
that the low ductility of the wide specimens must be 
attributed to the acceleration of low-temperature cool- 


ing alone 


6. TESTS ON SHORTER WELDS 


In the tests of the preceding section, acceleration of 
low-temperature cooling Was obtained by increasing the 
ratio of the specimen size to the total heat input in 
welding. This was accomplished by increasing the 
specimen size while holding the heat input fixed. A 
similar increase in the ratio can of course be attained 
by employing a lower heat input on a specimen of 
standard size This section deals with tests of the 
latter sort, lower heat inputs being obtained by reducing 
the length of the weld These tests were intended to 
check the indications of the preceding section 
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Fig. 6. Influence of weld length on bend test behavior 
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for plastic deformation. Perhaps in 
the past the importance of this point 
has sometimes been overlooked. 
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The Interpretation of 
Laboratory Results 


° 
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TEMPERATURE OF WELD AT MID-LENGTH, °F. 
3 


The importance of considering 

low-temperature cooling rates in the 

r interpretation of laboratory data 
| may be suggested by means of an 
| example. Let us suppose that an 
- investigator interested in the trans- 


~ } formation of austenite wishes to de- 
— termine the effect. of the cooling 


rate at 1000° F. on weld ductility. 


05 5 10 50 6100 


were deposited in the usual manner on standard 4- 
x %in. specimens. (See the sketch in Fig. 6). After 
welding, the specimens were cooled in air. Later they 
were notched and were tested at — 100° F. 

The results of the tests are shown in Fig. 6 where it 
will be seen that the values of bend angle at fracture 
decrease with decreasing weld length. The values for 
the 2'/.- and 4-in. lengths are quite low. 

The cooling curves for the 2'/s-, 4-, and 9-in. welds 
(measured at mid length in each case) are shown in 
Fig. 7. At temperatures above 450° F. the curve for 
the 4-in. weld is indistinguishable from that for the 
standard 9-in. length. At lower temperatures the 4-in. 
weld cools more rapidly. It appears, therefore, that its 
inferior ductility must be attributed solely to the 
acceleration of low-temperature cooling. 

Figure 7 indicates that the cooling of the 2'/.-in. 
weld may be somewhat more rapid even at higher tem- 
peratures. It is thus conceivable that its brittleness is 
due in some degree to this factor as well as to the accel- 
eration of low-temperature cooling. 


7. SOME IMPLICATIONS 


if one accepts the conclusion that weld ductility 
may be influenced by low-temperature cooling rates, it 
becomes necessary to recognize certain important impli- 
cations of this influence. Some of them are suggested 
below. 


{ Limitation of Laboratory Data 


It is evident that one should be wary of using the 
results of laboratory tests on small specimens to predict 
the ductility of welds deposited on large structures. 
Although the materials, the plate thickness and the 
welding conditions used in the laboratory may duplicate 
those employed in the large-scale work, differences in 
heat capacity may be expected to produce differences 
in low-temperature cooling rates and hence in capacities 
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TIME ELAPSED AFTER REACHING i600°F, SECONDS 


Fig. 7 Influence of weld length on the cooling rate of the weld 


Cooling Rate Effects 


Many of the measures which might 
be taken to vary the cooling rate at 
this temperature also cause signifi- 
cant changes in the low-temperature 
range. If changes in ductility are noted, can they 
be attributed solely to the influence of the cooling rate 
at 1000° F? Additional tests would be needed to 
answer such a question. 


Concerning Preheating 


In welding practice, even in the case of mild steel, 
difficulty is sometimes encountered when work is 
welded at low temperatures and it is recognized that 
preheating at slightly elevated temperatures is effective 
in promoting ductility. That the initial temperature of 
the work should have such a great effect on ductility 
seems a bit difficult to explain in terms of its influence 
on high-temperature cooling alone. Perhaps much of 
the benefit can be attributed to the manner in which 
preheating influences low-temperature cooling. Moder- 
ate preheating retards cooling in the low-temperature 
range to a much greater extent than it affects the rates 
at higher temperatures. 


8 TESTS ON LOW-HYDROGEN WELDS 


Some of the observations described in the preceding 
sections suggest that the hydrogen content of the weld 
may be involved in the mechanism whereby ductility is 
influenced by low-temperature cooling. Such an in- 
fluence has also been indicated in other investigations. ! 
For this reason, some of the tests of Section 4 were 
repeated on specimens welded with low-hydrogen elec- 
trodes of the £6016 type. 

Prior to welding, the 
out at 800° F. to minimize the hydrogen content of the 
coating. The welds were deposited at 20 v. with a 


electrodes were baked 


current of 200 amp. and an are speed of 7.4 in. per 
minute. As in Section 4, the specimens were allowed 
to cool in air for various periods after welding. They 
were then quenched in 70° F. water 

The results of the tests are shown in Fig. 8 where it 
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Fig. 8 Influence of quenching following welding on the 
bend test behavior of E6016 welds 


will be seen that the low-hydrogen welds were immune 
toembrittlement even when quenched immediately after 
tests the 


the completion of welding. In additional 


ductility of such welds was found to be unimpaired 
even when specimens were quenched in alcohol at 
~100° F. 


also that air-cooled low-hydrogen welds were ductile 


immediately after welding. It was noted 


under the conditions of Section 6, i.e., when deposited 
as welds of short length 

On the basis of these observations, there would seem 
little reason to doubt that the hydrogen content of the 
weld is important in the phenomenon of low-tempera- 


ture cooling rate embrittlement 


9, ISOTHERMALLY TREATED SPECIMENS 


Sections 4, 5 and 6 have shown that high ductility 
is pramoted by the slow cooling of £6010 welds. It 
appears that, if only sufficient time is allowed, a chang: 
of a favorable nature occurs as the weld passes through 
the low-temperature range. Presumabhy, a decrease 
in hydrogen content or a redistribution of hydrogen is 
involved. This section is concerned with the mannet 
in which the rate of this favorable change is influenced 
by temperature. It describes a series of tests in which, 


immediately after welding, speci- 


angle at fracture are plotted against time at tempera- 
ture. It will be seen that the data for the three tem- 
peratures are rather similar and that they resemble 
the earlier data of Fig. 3. Low values of bend angle 
characterize the short holding times while larger values 
are produced by longet oil-bath exposures 

At holding times somewhat greater than 4 min. the 
data for each temperature indicate a rather pronounced 
change in ductility. It is surprising to find that the 
holding periods corresponding to these ductility transi- 
tions are so little dependent on the temperature of 
treatment. Whatever may be the exact nature of the 
hypothesized “favorable change,” Fig. 9 suggests that 
as at 385° F 


it occurs nearly as rapidly at 212° F 
| reactions, on the 


The 


other hand, are known to vary a hundred-fold over such 


rates of many metallurgica 


a range of temperature. In particular, this is true of 
the rate at which hydrogen escapes from welds.! 

No effort was made to determine the rates at which 
attained the desired after 


specimens temperatures 


introduction into the oil baths. The oil was vigorously 
agitated to facilitate heat transfer but it is recognized 
that oil is not a highly efficient quenching medium, 
In this connection it is of interest to note the behavior 
of a group of specimens which were quenched in boiling 
water immediately after the completion of welding. 
The 


shown in Fig. 10 


bend-test performance of these specimens 1s 
It will be seen that they fractured 
at low angles even after holding times of several hundred 
hours at 212° F 10 with the 212° F. 
data of Fig. 9.) The dissimilar responses of the water- 


quenched and oil-quenched specimens are due presum- 


( ‘ompare Vig 


ably to the somewhat more rapid cooling of the former. 


10. THE PERMANENCY OF EMBRITTLEMENT 


This section is concerned with an interesting char- 
acteristic of £6010 specimens cooled too rapidly while 


still in a vulnerable condition following welding 


25 
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bath temperature, values of bend 
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Fig. 10 Dependence of ductility on isothermal treatment 
in water following welding 


A group of specimens was quenched in 70° F. water 
immediately after welding. According to Fig. 3 
this treatment was expected to induce low ductility. 
A second group was held 12 min. at 380° F. following 
welding, after which it also was quenched. According 
to Fig. 9 these specimens were expected to show superior 
ductility. A third group, that under study, was 
quenched in 70° F. water immediately after welding. 
It was then reheated to 380° F. for 12 min. after which 
it Was again quenched. 

The subsequent bend-test behaviors of these speci- 
mens are shown in Fig. 11. The first and second 
groups, used as controls, behaved as anticipated. The 
third group broke at very low values of bend angle. 
Thus it appears that, whatever may be the nature 
of the damage caused by quenching immediately after 
welding, the process is not a reversible one. While the 
380° F. treatment, applied before quenching, renders a 
specimen immune to subsequent damage, the same 
treatment is ineffective after quenching. 

In subsequent tests it has been found that reheating, 
even at temperatures as high as 1150 and 1600° F., is 
incapable of restoring ductility. (In these tests, air 
cooling was employed following reheating.) 

It should be emphasized at this point that the above 
references to permanency of damage apply only to 
specimens which were embrittled by the application of a 
70° F. water quench directly after welding. No attempt 
has been made as yet to determine the permanency, if 
any, of the damage to specimens embrittled by less 
drastic treatments, such as by the air cooling of the 
wide specimens of Section 5. This latter question, one 
of obvious interest. is currently under investigation. 

Other investigators have found evidence of micro- 
fissures in quenched E6010 and E6011 welds.'? Such 
defects would of course account for a permanent loss in 
ductility. In the present investigation similar micro- 
fissures have been observed in specimens quenched im- 
mediately after welding and also in some of the brittle 
specimens subjected to less drastie cooling. (The speci- 
mens were sectioned and examined without bending.) 
It appears that fissures are present only in conditions 
of low ductility. These observations, as yet incomplete, 
will be reported in a later paper. 
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Fig. 11 The irreversibility of the effects of quenching 
following welding 


ll. THE TESTING TEMPERATURE 


It is believed that, under the conditions of the investi- 
gation, the fracture of the test specimen originates in 
the weld metal regardless of testing temperature (at 
least for values in the range from 70 to —100° F.). 
When tests are conducted at room temperature, how- 
ever, the notch-resistance of the heat-affected zone and 
of the parent plate are ordinarily sufficient to resist the 
propagation of cracks so that the fracture of the entire 
specimen may occur at a bend angle much larger than 
that at which the weld has failed. To study the due- 
tility of the weld itself, as was desired in this investiga- 
tion, it is necessary either to observe the weld through- 
out the test or, as is in some Ways more convenient, to 
render the material outside of the weld so notch-sensi- 
tive that it becomes unable to resist the propagation 
of cracks originating in the weld. Under the conditions 
of the paper, the latter aim may be accomplished by the 
use of a sufficiently low-testing temperature. It was 
for this reason that the tests were conducted at — 100 
F. Supplementary tests have shown that the bend 
angle values which correspond to the complete fracture 
of the weld itself are nearly independent of testing 
temperature in the range from 70 to — 100° F 

The nature of the bend-test fracture is discussed in 
greater detail in reference 7. 

Recently a number of bend tests and longitudinal 
tensile tests have been performed at room temperature 
to check the —100° F. indications reported in this 
paper. The principal tests of Sections 4, 8 and 10 
have been repeated and in every case the earlier indica- 
tions have been confirmed. This work, still in progress, 
will be reported in a later paper. 


12. THE MECHANISM OF EMBRITTLEMENT 


Although the mechanism of embrittlement is not 
entirely clear, some pertinent indications are furnished 
by the available evidence. 

On the basis of Section 8 it seems certain that the 
hydrogen content of the weld plays an important role. 
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by Bland 
Such indications concerning the importance of hydrogen 


Confirming evidence has been reported 
are not surprising since large hydrogen contents are 
imparted to the molten weld during deposition by 
£6010 electrodes and it is known that hydrogen is 
capable of embrittling steel. Furthermore, the ele- 
vated-temperature cooling which follows welding is so 
rapid that the opportunity for elevated-temperature 
diffusion is seriously restricted. Thus, considerable 
hydrogen may be retained as the weld approaches the 
low-temperature range. Slow cooling in the latter 
range would be expected to favor low-temperature 
diffusion. In an earlier investigation employing speci- 
mens somewhat similar to those of the present study 
it was found that air-cooling produced a hydrogen 
content of about 4 cc. per 100 grams of weld metal 
while specimens quenched following the completion of 
welding exhibited a content of about 15 ce. per 100 
grams. ! 

That the role of hydrogen is not a simple one is sug- 
gested by earlier work on preheated welds. In reference 
1 it is reported that preheating at temperatures up to 
375° F. caused increases in the hydrogen content of air- 
cooled welds while at the same time enhancing ductility 
(The increased hydrogen content was thought to origi- 
nate in greater pickup before solidification.) This 
would seem to indicate that it is not the total hydrogen 
content alone which is decisive. Perhaps the distribu- 
tion of whatever hydrogen may be present is of greater 
significance 

Another puzzling aspect concerning the role of hydro- 
gen has already been cited in Section 9 where it was 
found that the response of welds to isothermal treatment 
was about the same at 212° F. as at 385° F. Diffusion 
of hvdrogen would be expected to be a hundred-fold 
faster at the higher temperature 

Rapid cooling, in addition to impeding the diffusion 
of hydrogen, may also be expected to maximize the 
thermal stresses which affeet the weld during cooling 
Sufficiently severe stresses in the presence of hydrogen 
embrittlement might promote fissuring. Perhaps the 
“permanent” damage of Section 10 can be explained on 
this basis. The importance of quenching stresses is 
also suggested by the dissimilar behaviors of specimens 
quenched in oil at 212° F. and in boiling water (section 
9) 

Concerning the role of stress, it should be remembered 
that even in an air-cooled specimen, residual stresses 
normally approach a value of 60,000 psi. in the weld.! 

For a better understanding of the mechanism of 
embrittlement, it appears that further work is necessary 
It is conceivable that factors other than hydrogen 
and stress must be taken into account. Perhaps aus- 
tenite is retained in significant amounts in mild-steel 
welds.* If such is the case, the retained austenite 
There is the 


further possibility that the mechanism may involve 


might act in conjunction with hydrogen 


precipitation of nitrides or carbides in the low-tempera- 
ture range. It seems not improbable that the phenom- 
ena described in this paper are related to the better- 
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known effects of preheating and postheating. Perhaps 
they are in some way related to the occurrence of 
strain aging in welds.’ Work now in progress is 


designed to illuminate these possibilities 


13. SUMMARY AND CONCLUSIONS 


To determine the importance of low-temperature 
cooling rates following welding, several methods were 
employed to vary these rates while holding other factors 
fixed. The measures included direct quenching follow- 
ing welding, the air-cooling of wide specimens, the air- 
cooling of short welds and several isothermal treatments. 
Ductility was measured by means of a bead-on-plate 
longitudinal notched-bend test at 100° F. The 
cooling rates of the welds were determined by means of 
thermocouples which were introduced into the molten 
metal during welding. The principal results and con- 
clusions may be summarized as follows 

1. Low ductility Is produced by the rapid cooling 
of E6010 welds at low temperatures following welding. 
It appears that cooling rates may be important at 
temperatures at least as low as 212° F 

2. The ratio of the total heat capacity ol the work 
to the heat input in welding strongly influences low- 
temperature cooling rates although it ordinarily has a 
negligible effect on the rates at higher temperatures 

3. By tripling the width of a typical laboratory 
specimen (thus obtaining a three-fold increase in heat 
capacity), low ductility was produced even in air- 
cooled welds 

4. On the basis of item 3, it is suggested that the 
ductility of welds on large structures may often be 
inferior to that of small laboratory specimens which, 
aside from their smaller heat capacity, are produced 
under identical conditions. It would appear that 
caution should be observed in using the results of lab- 
oratory tests to predict the behavior of welds on large 
structures 

5 It is suggested that some of the benefits of pre- 
heating, especially in the case of mild steel, can be 
attributed to the retarding of low-temperature cooling 

6. Welds produced with low-hvdroegen electrodes 
have been found to be immune to embrittlement by 
rapid cooling at low temperatures 
7. Although it is evident that the hydrogen content 
of the weld plays an important role, the mechanism of 
embrittlement is not fully understood. The present 
evidence does not exclude the possibility that other 
factors, such as the retention of austenite or the pre- 
cipitation of nitrides or carbides, may also be involved 
Nor is the role of thermal stress clear 

S In most respects, the present results are in good 


qualitative agreement with those published by Bland 
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Comparative Tests of Different Types of Notch Impact Specimens’ 


The transition temperature 4, Fig. 1, of a killed basic impact specimens were cut from the middle of the plate, 


‘ open-hearth steel was measured with three types of Fig. 2. 

; specimen, each 0.394 in. square, 2° yin. long. Type 1 The results are plotted in Fig. 3. For types 1 and 2 
specimen had a notch 0.20 in. deep, 0.04 in. radius and the transition temperature lay between —20 and —40 

: is the specimen recommended by the International C. The Mesnager specimen, on the other hand, indi- 

p Standards Assn. Type 2 specimen had a notch 0.12 in. cated a transition temperature below —60° C 


deep, 0.04 in. radius and is the standard German 


: DVMR type. In Type 3 specimen the notch depth was 
0.08 in., the notch radius being again 0.04 in. This is 

the Mesnager specimen used in Belgium. 


The steel used in the investigation was normalized 


after rolling at the Royal Netherlands Blast Furnace 
and Steel Co. A tensile specimen (cross section = 

1*  \ in.) had an ultimate strength of 64,000 psi. 

with an elongation in 8 in. of 28.10%. The steel analyzed 


0.13% earbon, 0.945% manganese, 0.28% silicon, 
0.009°¢ phosphorus and 0.032% sulphur. The notch 
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* Abstract of Research Report No. 3 of the Netherlands Welding Society 


The Report is entitled “Vergelijkende Proeven met Kerflagstaven van Fig. 2 Location of notch impact specimens in mid-thick- 
Versehillend Type,” published in Lastechniek, 16, p. 79-81, May 1950 ness of 5 sin. plate 
Abstracted by Dr. G. E. Claussen Arrow shows direction of rolling. Dimensions in millimeters 
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Fig. 3) Notch impact value, mkg./em.*, lower diagrams 


TEMPERATURE OF, and per cent ductile fracture, upper diagrams 


Left hand diagrams—ty pe 1 «pecime 0.20 in. deep; middle 
Fig. | Schematic diagram of impact value vs. test tem- diagrams—ty pe 2 specimen, notch . deep and right hand dia- 
perature. t, = transition temperature grams—ty pe 3 specimen, notch 0.08 in. dewp 
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The Micro-Mechanism of Fracture in the Tension- 
Impact Test 


® This report gives the results of metallographic studies which 
were made on a number of specimens of rimmed, semikilled 
and fully killed steels and of Armco Iron which were partially 
fractured, or loaded just to fracture, then sectioned and examined 


by W. H. Bruckner energy absorption for fracture at 20° F. An initial 
energy of the pendulum somewhat greater than that 
equivalent to energy absorption of 450 ft.-lb./in.* was 


INTRODUCTION 


found to be necessary for fracture because of the elastic 


LARGE number of Type B, notched specimens: of energy required for fracture but not measured during 
steels have been tested in axial tension impact and the impact test. On sectioning specimens which were 
the curves relating impact energy and per cent loaded in impact but not fractured (say at 20° F. at a 
reduction of area to the testing temperature have value of 450 ft.-lb./in.? or less) it was found that an 
been obtained.' In general it has been found that internal crack system was developed and the extent of 
rimmed steels have a relatively higher transition tem- cracking could be varied by varying the impact load 
perature than do the better grades of semikilled o1 Any steel for which the impact-temperature curve 
fully killed steels. It was found that steels whicl had a was available for 45 ft.-lb. initial energy could be 
high transition temperature in the wide-plate investiga- scheduled for partial fracture at any temperature below, 
tion? showed little or no change in the transition tem- in or above the transition range. The sequence of 
perature when the initial energy of the tension-impact fracture in any part of the impact energy-temperature 
test was varied from 220 and 110 to 45-ft.-lb curve was thus provided in subsequent microexamina- 

The impact testing program has contributed to the tion by having the fracture occur in steps. The ynicro- 
available information on the relative sensitivity of mechanism of the fracture could be reconstructed from 


different steels to brittle failure. However, a more the stepwise progression of the frac;ure. This report 
fundamental significance could be given to studies of gives the results of metallographic studies which were 
See coment! diflecences in fracture behavier hetween made on a number of specimens of rimmed, semikilled 
sensitive and relatively insensitive steels. Such a and fully killed steels and of Armco Iron which were 
course of study was initially visualized as a metallo- partially fractured, or loaded just to fracture, then 
graphic survey of specimens which had been fractured sectioned and examined 
in determining the curves of impact energy vs. fem- 
perature. Postmortem metallographic studies were MATERIALS 


found to be unsatisfactory since it was not possible to ee 
The chemical analyses of the structural steels which 
separate out from the whole fracture history any dif- , wie 
are the subject of the present report are given in lable 
ferences in the sequence of failure which was character- ees 
ee eee aad l rhe steels which are marked with an asterisk are the 
istic of any one steel or of different temperatures of test ; 
: project steels which have been used for previous wide 
An exploration was made of the possibility of partially plate and impact investigations referred to in the foot- 
ractur » spec Ms subse ‘ntlv see om 
fracturing the pecimen and ubsequently ectioning notes. The nonproject steels were not used in the wide 
them for metallographic studies. It was found that the plate investigations but were reported as tested in axial 
aapant energy-temperature curve for an initial energy tension impact.! All of these steels were available as 
of 45 ft.-lb could erve as a g ride for an impact loading hot-rolled #/,-in. thick plate with the exception of Steel 
‘hedule sh spe ns parti: 
schedule which we ld furnish ares -— ially Dn which was normalized at the mill and the Armco 
fractured at ay desired energy level mn illu ee iron which was furnished as °/,-in. round, cold-rolled bar 
assume that the impact-temperature curve for 45 ft.-lb shesk 


initial energy shows an average of 450  ft.-lb./in 
W. H. Bruckner fo Reses h Associate Professor of Me ica wines METHODS OF PROCEDURE 
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Scheduled for presentatior 


Chicago, Ill, week of Oct. 22, 195 Cylindrically notched specimens of the type identi- 
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Steel* Kind of steel Treatment 
Semikilled — As-rolled 
Semikilled As-rolled 
| Dr* Killed As-rolled 
Dn* Killed Mill 
normalized 
RR Rimmed As-rolled 
Rh Killed As-rolled 


Received cold rolled, 
normalized at 1700° F 
and stress relieved at 

1100° F 


Armeo Lront 


as 


Ma 
0.26 050 0012 0 
0.24 048 OO12 O 
0.22 055 0018 O 
0.19 054 OO11 O 
027 033 0 008 O 
0.23 047 008 O 
0 02 0.004 0 


Table 1—Chemical Analyses of Steels 


~Per cent by weight of element noted 
Al 


Ss Si Ni Cu Cr Mo Si 

039 0.03 0.012 0.02 003 0.03 0.006 0.003 0.004 
026 0.05 0.016 0.02 0.03 0.03 0.005 0.003 0 009 
024 0.21 0.020 0.16 022 0.12 0.022 0.023 0.006 
024 0.19 0.019 0.15 0.22 0.12 0.021 0.025 0.006 
025 0.01 0.006 
029 0.16 0.008 


025 


¢ Mill analysis of Armeo Iron. 


* This mark indicates the material as a project steel used for wide plate 


w 


| 
| 
| 


8 


| 


0625 | 0.039 


hig. 


fied as standard, Type B in Fig. 1 
were machined from the */,-in. thick 


steel plates, with the length of the 


specimen in the rolling direction 


The curves of the impact energy 


and of per cent reduction of area 


vs. testing temperature for an initial 


energy of 45 ft.-lb. are reproduced in 


Fig. 2 from previously published 
data 


lished earlier with standard Type 


These data had been estab- 


B specimens 
It was intended to obtain for each 


steel a series of specimens partially 
fractured above the transition tem- 
perature in the transition tempers- 
ture range and below the transition 
temperature as given by the curves 
2 (A) and 2 (B) 


The variation in initial energy of the 


shown in Figs 


pendulum which was required to 


produce partial fractures of varying 


degree was obtained by lifting the 


pendulum with attached specimen 


up to different heights before release 


of the pendulum for the impact load 


This variaticn in initial energy was 


obtained by means of a modification 


of the Riehle impact tester as shown 
in Fig. 3. It should be noted that 
both initial energy and pendulum 


Design of type B notched, tension-impact specimen 


velocity were varied by such procedure but the change 
in velocity accompanying a change in initial energy was 
only about one-half as great. 

When used for the tension-impact test the pendulum 
of the Riehle machine is calibrated to swing to zero 
energy absorption when the screw fixture and one-half 
of a fractured impact specimen are attached to the 
pendulum. 
to a certain, chosen initial energy the height was ad- 


For each pendulum height corresponding 


justed to have the scale pointer swing through an are 
corresponding to the chosen initial energy value when 
the screw fixture and one-half of a broken specimen were 
attached to the pendulum. When fracture occurs the 
tup and one-half of the attached specimen break away 


initial Energy 
45 Ft-ub. 


impact Energy 


| initial Energy 
45 Ft-Ub 

| | 
+ + + 
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Fig. 2( 4) Curves relating impact energy and per cent reduction of area to the 


temperature of the in 


Bruckner 


Tension-I mpact Test 


wpact test for an initial energy of 45 ft.-lb. Steels RR, Cand 
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= ; 0.12 
tests. 
| | 
| 
| | JA 


Initial Energy f Initial Energy the of alee 
400 45 Ft-Lb 45 Ft-Lb a0 related to the plastic energy ab- 
Impact Energy % Red. in Area sorbed by the specimen How- 
BS | | | found difficult to do more than 
LY Steel Dr 
= m 
8 Y 5 and to prevent by this means the 
100) + + Ais 10 
« 44 m application of more than one im- 
4, pI 
o re) 0x pact blow It was also deté rmined ; 
7-120 -80 -40 4 80 =120 -40 40 80 120 160 200 m . 
later in the program that the energy 
z ye | absorbed in partial fracture could 
intial Initial Energy 2 be determined approximately by 
$4090 |, T T T ther means, i.e from the energyv- 
= impact Ener, % Red wn Area > ow 3.4 
5 | | A fm per cent reduction of area relation- 
3 ship which is a straight line. The 
Steel Dn % 
200}— data previous tests at 45 ft -lb 
] 7 J initial energy were used to establish 
I 
each steel 
one 
-80 -40 O 40 80 120 160 -40 o.6|640 80 120 160 200 The specimens which were loaded 


TEMPFRATURF 
Fig. 2(B) Curves relating impact energy and per cent reduction of area to the 
temperature of the impact test for an initial energy of 45 ft.-lb. Steels Dr and Dn plete fracture were secti med as 


in impact to obtain partial or com- 


shown in Fig. 4 to obtain a plane of 
from the pendulum. The initial energy which the tup 
and one-half specimen represent are thereby removed | | 
from consideration in determining the energy absorbed + 
in the fracture. When the specimen does not fracture | WH | 
completely the whole pendulum rebounds and swings iil | | 
back toward the initial starting position, therefore, the | ee UU) 
amount of energy absorbed by the specimen cannot be 
measured by means of the scale on the impact testing 
machine. Some thought was given to the possibility 
of measuring the angle of rebound and thereby deter- [— ] 1 ee 
mining the elastic energy absorbed by the specimen \ 
and returned to the pendulum. It was considered that ra | 


Fig. 4 Method of sectioning notched tension-impact 
specimen for metallographic examination 


me tallogra yhie examination paralle | with the maximum 


principal stress in impact. This plane was also chosen 


to represent the longitudinal plane through the center 


of the volume of metal under the notch Chis plane 


was the same plane that the center line of the pendu- 


lum traverses during the impact test 


The specimen sections were mounted in bakelite and 


were processed to obtain surfaces suitable ro met illo- 


graphic examination Surveys of the entire area in 


the notch region were then made in the unetched 


condition and after etehing with 5 Nital solution 


Results of the examination were recorded as notes on 


observations and by photograp! ¢ means The notes 
indicated which features of the microstructure were 
characteristic of certain specimens ind) photomicro- 


graphs were made to record these characteristic features 


DATA OBTAINED AND DISCUSSION OF DATA 


lable 2 summarizes the results of axial tension-impact 


tests made to establish a series of specimens loaded in 


Fig. 3) Riehle impact-testing machine with modification 
for tests at initial energy below 110 ft.-lb. 


impact just to fracture and a series of specimens loaded 
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The table 
shows the energy absorbed for fracture which was 
The esti- 
mated energy absorption of specimens which did not 
fracture is given in parentheses in Table 2. 
estimated values were obtained from the curves deter- 


less than required for complete separation. 
measured on the impact testing machine. 
These 
mined previously for the relationship between energy 
absorbed and reduction of area for specimens broken in 


impact with 45 ft.-lb. initial energy. 
tion of area was determined for specimens which 


Since the reduc- 


fractured and for those which did not fracture, the 
average energy absorption corrresponding to any value 
of per cent reduction of area could be determined ap- 


proximately from the previously obtained curves of 
energy absorption vs. per cent reduction of area. In 
Table 2 there is shown to be a fair correspondence be- 
tween the measured energy absorption and the esti- 
mated energy absorption for specimens which were 
fractured during the tests. 

The specimens listed in Table 2 which were loaded in 
impact were all sectioned for metallographic examina- 
tion except specimens M92 and M94. 

In the last column of Table 2, 
given the results of metallographic examination of the 


under remarks, are 


polished, and the polished and etched specimens pre- 


pared as described under procedures. In the tensile- 


Table 2--Results of Tension Impact Loading Schedule for Different Steels 


I. Steel RR; rimmed, as-rolled transition temperature 100° F 


Testing Initial energy, 


Spec. No temp., ft-lb. ft.-lb.* 


Energy absorbed 
ft.-lb./in.*t 


Reduction 
of area, % Observation notes on microstructure t 


M-48 17.§ 
M-59 19 
M-30 
M-70 
M-02 
M-65 
M-04 
M-28 
M-101 


(204) 
(227) 
(263) 
(267) 
(309) 
(305) 
370 (345) 


24.9 


(337) 
440 (439) 
(126) 
(133) 
(138) 
156 (150) 
172 (147) 


20 6 


10.8 
11.6 


F. P. and T 

F. P., shear regions 

F. P., shear regions and T 

F. P., shear region 

Not examined 

F. P., shear regions 

Not examined 

F. P., eracks at ferrite grain boundaries 
F. P., twins outside of notch area 


Steel C; semikilled, as-rolled transition temperature 110° F. 


F. P., cracks at ferrite grain boundaries 
F. P., cracks at ferrite grain boundaries 

Ferrite grain boundary cracks 

F. P., ferrite grain boundary cracks 
Twins and cleavage 

F. P. and cleavage cracks 


Steel A, semikilled, as-rolled transition temperature 80° F. 


(175) 
(263) 
(306) 
(343) 
324 (326) 
341 (428) 
(139) 
(160) 
(169) 
177 (183) 
(173) 
IV. Steel Dr; killed as-rolled transition temperature 20 
(230) 
(260) 
(355) 
542 (530) 
(340) 
(485) 
(190) 
(300) 


(325) 


One twin 
F. P., ferrite boundary cracks 

k , ferrite boundary cracks 

k ., ferrite boundary cracks 

I , twins and cleavage 

F. P., ferrite boundary cracks 

F. near notch, one crack 

F. P., T and ferrite boundary cracks 
F . and cleavage cracks 

k , T and cleavage cracks 

k ., T and cleavage cracks 

F 


No change apparent 


r. 

F. P., general flow of ferrite 
No change apparent 

F.P 


No change apparent 


T in grain boundaries, internal holes 


Steel Dn, killed, normalized transition temperature 15° F. 


(334 
346) 
(377) 
(387 
27.3 108 (367) 
Arn 
6.9 
8.5 
10.3 
12.0 


No change apparent 

F. P. near notch 

F. P., twin in ferrite boundaries, cleavage 
F. P., twin in ferrite boundaries, cleavage 
F. P., cleavage, broad twins 

rature 80° F. 

T in several grains 

T in region on both sides of notch 

T in bands at edge of notch area 

T and ferrite boundary cracks 

T and flow in ferrite 

T in fracture region 


Nores: The transition temperatures given are for an initial energy of 45 ft.-lb. 
* The energy for complete fracture 
+ Estimated energy shown inside | 


F. P. signifies fractured pearlite, signifies mechanical twins. 
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| 
12.5 
14.4 
17.5 q 
18.1 
21.8 
21.2 
24.8 
7.0 { 
10.0 
b-36C 100 30.0 22.4 
h-45C 100 33 30.6 
410 12 6.1 
b-35C 40 13 6.4 
410 14 7.4 
b-34C 10 18.9 | 7.3 
F-40-A 77 
P-45-A 77 2 
F-34A 77 2 
77 2 
F-30A 77 2 
77 3 
20 l 
F-38A 20 1 
F-ASA 20 
F-31A 20 
F-39A 20 2 
K-A6 79 2 
K-49 7 2 
K-43 7 3 
K-41 20 2 
K-35 20 3 
2 
K-30 20 18.0 8.8 
()-S2 20 21.9 
G81 20 26.2 
20 27.0 
G-S80 20 25.2 
VI ved transition 
2AN1 7 79 
IN3 7 
iN4 7 93 
7 13.3 
HANI 7 12.2 
TANS 7h 14.1 


give part al fractures at 77 F The pe irlite lamellae in 
Mm ‘ which fracture occurred, as illustrated in both figures, 
~ 
: ° re shown to be oriented almost parallel with the 
4 ‘ees lirection of the principal stress, i.e., at least the traces 
a of the pe rlite plates on the polishing plane have this 


. orrentition The traces of the tracture planes in 
Re: hig. 5 for both pearlite grains make an angle of approxi- 


mately 41° with the maximum principal stress. For 


Im 


etched specimen and shows cle \ megnification ol 


2000 X that the pearlite fractures typical of those 


nd 6 


n faet miecrofractures \ de etch Was em- 


Fig. Pearlite microfracture in sy men (. tested 


with 25.6 ft.-lb. initial en 
magnification 2 


Impact test the metallographic examinatio nad the 


Etchant 5% nital, loved to determine the locus of the incomplete fraec- 


recording of microstructures can be carried out with the 

specimen so oriented that the direction of the prir 
stress is known All of the micrographs whi 1" i 
given in the figures illustrating this report th the > 


exception only of Fig. 17 are so oriented that the m.axi- 


mum principal stress is in the vertical direction on the 


page, Le., from top to bottom The metallographic ‘ 


studies show that the first manifestation of fracture in ° P 

the transition region is the appearance of microfrac- , 

tured regions across the lamellae of pesrlit grains * 

Observation of a large number of such pearlite fractures 

In Various Impact specimens indiested that the lamella 

in which fracture was observed have ef range of 4 ; 

wrientation of 45° or less with respect to the maximun z » 

principal, axial stress of the impact test 4 

Figures 5 and 6 show, respectiv: specimen 

F34A and F50A. regions of pe ty | : hig. 7 Mierofracture of carbide lamellae of pearlite in 

r edge 

yortions 

irbide 


therefore ture 


in 


carbicte 


up ol 


lerrite 


me e until the fracture has traversed a porti nor the 
Whole of the pearlite grain It n be noted that the 


. measured and found to be disposed to the maximum 


it an angle of 46 


stress 


prin ip 


Microfractures were also observed at ferrite grain 
boundaries which were partially outimed by irbide 
envelope In many cases the carbide enve ope ap- 
Pe t peared to be an extension of single carbide lamella 
\ fron i neighboring pe irlite area lwo examples cf this 


\ 


‘ boundary fracture are given in Figs. 8 and 9, respee- 


tively tor Spec and Spec F38A ire 


lv, at a magnification of 2000 X and 4000 


Fig. 6 Pearlite microfracture in specimen F501, tested 


respective 


at 77 BF. with 27.1 ft.-lb. initial energy. Etchant 5% 
nital, magnification 2000 » For the rimmed Steel RR the se quence of fracture in 


SEPTEMBER 1050 iwhne 


lig. 6 this seme angle appears approximately 50 
> to bot pearlite groins Which were fractured 
AG < , ] ppeared to be desirable to obtain irretutable evi- 
- 4 lence of the existence of fracture in the pearlite by ; 
' recording the fracture are: of unetched specimens ol a 
J of steels. Accordingly, Fig. 7 is for the un- 
uf 

(¢ 
| 

more of the lomellae and linking j 
these fractures } tion the the 
= 
mpact Test 17 1-s 


of producing etch pits with which orientation of the 
ferrite grains could be determined. It was desirable 
to obtain etch pits which were of small size, sharp in 
outline, and without obscuring the important features of 
the microstructure of a fractured or partially fractured 
specimen. By ordinary methods for producing etch 
pits with 4% aqueous HNO; as described in the litera- 
ture the microstructure is so severely attacked as to be 
practically unrecognizable. A method was developed 
which combined electrolytic activation in dilute HNOs 
and a short period of etching in 2°% aqueous HNOs. 


Fig. 8 Microfracture of carbide at ferrite grain boundary 
of specimen F50A, Etchant 5% nital, magnification 2000 < 


the transition region is characterized by generation of 
localized regions of intensive shear deformation of the 
ferrite. Such a region is shown in Fig. 10 at a magni- 
fication of 1500 X for Spee. M-65. The shear region is 
oriented at 52° to the maximum principal stress and is 
one of several typical regions found in this specimen. 
Figures 11 and 12 are shear regions in other specimens oo N 


of rimmed steel which have developed fractures in the 


deformed ferrite and in several pearlite areas. The Fig. 10 Region of intensive shear deformation in specimen 


ferrite fractures appear to involve grain boundaries M-65 tested at 95° F. with initial ome of a3 ft.-lb. 
‘ 5 ital, ifi i 500 ced 
and the production of highly distorted regions within 


the ferrite grains. The shear areas appear to propagate 
through the notch volume of the specimen by advancing 
the ends of the lens-shaped region and joining up with 
similar areas. The shear areas in the specimens exam- 
ined have an average length of about 0.01 mm. and a 
maximum thickness of about 0.002 to 0.003 mm. as 
determined from their traces on the polishing plane. 

A considerable effort was made to develop a method 


Fig. 11 Region of shear deformation in specimen M-70 
tested at 95° F. with 22.1 ft.-lb. initial energy. Etchant 5% 
nital, magnification 1500 (Reduced '/, in reproduction) 


4 


Fig. 9 Microfracture of carbide at ferrite grain boundary Fig. 12 Region of shear deformation in specimen M-30 
of specimen F384. Etchant 5% nital, magnification 4000 < tested at 95° F. with 20.7 ft.-lb. initial energy. Etchant 5% 


(Reduced ‘/, in reproduction) nital, magnification 1500 * (Reduced ‘/, in reproduction) 
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This procedure gave small, well-developed etch pits 
without destruction of the microstructure. Examples 
of the product are given in Figs. 13 and 14 which show 
the etch pits in relation to the internal cracks produced 
The straight 
sides of the etch pits give the orientation of the 100 


in Spec. E34C during impact testing 


lattice planes or cube faces of the unit cell in the ferrite 
grains. The cracks in the specimen are shown to be 
parallel with the sides of the etch pits in any one ferrite 
grain thus providing proof that the fracture is occa- 
sioned by cleavage which takes place along the 100 
In Figs. 13 and 14 the pearlite 
areas are seen to be much more severely attacked by 


planes in alpha iron 


etching than are the ferrite grains, and the cleavage 
cracks are appreciably widened. 

For the same specimen E34C in which the etch pit 
method was later applied, as shown in Figs. 13 and 14, 
a record was made (prior to the etching for etch pits 
of partial failure in a region near the actual failure 
This is shown in a series of fractures in Figs. 15 at 
2000 X . 


regions and the fractures in a carbide extension at the 


Here are shown the fractures in the pearlite 
ferrite grain boundary. Another system of fractures 
appears to involve only the ferrite grains. The frac- 
tures in the pearlite make an angle of about 33° and 


Figs. 13 and 14 Specimen E31C etch-pitted to show rela- 
tion of etch pits and cleavage cracks. Etchant 2% aqueous 
HNO,, magnification 1500 * (Reduced '/, in reproduction) 
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Fig. 15° Microfracture in pearlite and cleavage fractures 
in ferrite of specimen E34C, Etchant 5% nital, magni- 
fication 2000 


the pearlite lamellae an angle of about 21° with the 


maximum principal stress. The fractures in the ferrite 
are disposed at an angle of about 63° to the maximum 
principal stress. It was especially noted in this micro- 
graph that the regions of fracture in the carbide envelope 
of the ferrite grain, at the center of Fig. 15, had a char- 
acteristic etching pattern in the ferrite grains bordering 
the fractured carbide. 

The etching pattern reveals the formation of etch 
pits in the ferrite at the point of fracture in the carbide 
This etch-pit pattern is also shown for the ferrite grains 
to the left of and bordering the large pearlite grain and 
for a boundary carbide of a ferrite grain directly be- 
neath the large pearlite grain. These etch-pit patterns 
were not formed by the specially developed etching 
procedure for etch pits but they were formed by the 
5°, Nital etchant which is normally used as a general 
etchant to reveal ferrite grain boundaries and carbides. 
The reason these etch pit patterns develop would 
appear to be the same as for the formation of etch pits. 
In the usual procédure for developing etch pits the rapid 
attack of the etching splution causes localized gradients 
in the chemical reactivity which is considered to be 
responsible for etch pit formation.* In Fig. 15 it can be 
noted that in the center the carbide envelope has been 
fractured or bent at several points and the rectangular 
areas characteristic of etch pits are formed by the etch- 
ant in these regions. It is postulated that the micro- 
cracks have produced such highly localized strain that a 
high level of chemical reactivity is established locally 
This tend- 


ency to form etch pits in regions of high localized strain 


in applying a general etching procedure 


is also shown in Fig. 8 
The etch pit areas in the ferrite near the microcracks 
which are shown in Fig. 15 are oriented so as to make 
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hig. lo Mechanical twins and cleavage crack in ferrite of 
specimen Etchant 59% nital, magnification 1000 


one side of the pits parallel with the cracks which 
traverse most of the ferrite grains in the field. The 
cracks are therefore cleavege cracks generated by the 
carbide microcracks. ‘The orientation of the etch pit 
with respect to the microcracks, e.g., the diagonal of the 
etch pit is parallel with the microcracks, suggests that 
the ferrite has attempted to twin mechanically as an 
intermediate step before cleavage occurs Figure 16 
shows a region in Spee. E41C in which a cleavage crack 
Was apparently initiated by the mechanicel twins 
lhe traces of the twins on the polishing plone make en 
angle of 58 to 59° with each other. The dark line which 
is later identified os a cleavage crack and which is shown 
as originating from the vertex of the angle formed by 
two twins makes an angle of 27 to 31° with the twin on 
either side, thus indicating the polishing plane to be 
very close toa 100 lattice plane. The crack is therefore 
seen to almost bisect the angular region between a set 
of twins, furthermore the crack is shown to be parelle! 
to one side and normal to another side of the corner o! 

partially developed etch pit in the 
center of the field. The erack is 


fig. 17) Mechanical twins and cleavage crack in a single 
ferrite grain of service fracture. Etchant 5% nital, magni- 
fication 500 x 


in such a manner as to fracture all three twins «as 
shown in Fig. 17. It can be noted that the twins are 
translated across the cleavage crack thus indicating 
that the cleavage fracture occurred after the twins had 
been formed. It should also be noted that Fig. 17 is 
not oriented on the page in any particular manner with 
respect to the principal stress as are all the other micro- 
graphs in this report, since for the service fracture the 
stress directions were not given. Additional evidence 
of twin-initiated cleavage is given for the studies of 
Armco iron. 


TENSION-IMIPACT TESTS OF ARMICO) TRON 


Tension-impact tests were made on Armco iron to 
determine the mode of fracture in the absence of car- 
bides This objective was not quite realized due to the 
0.02°, carbon content of the Armco iron but the mate- 
rial represented the highest purity readily availeble in 
the bar size of °/.-in. diameter which was required 
Other tension-impact tests were also initiated using spec- 
imens of rimmed and killed steels which had been heat 
treated to replace the lamellar carbides with those of 
spheroidal form. The latter study is being completed 
and will be reported in the near future. 


intial Energy | 


therefore a cleavage fracture. It is 
45 


initial Energy | 
| 
45 Fi.-Lb L 


not possible from Fig. 16 to deter- 


mine whether the mechanical twin- 


ning preceded or followed — the 


cleavage — fracture Fortunately 


8 


several vears ago while having a 


8 


brittle, service fracture under ob- 


servation it was noted that one 


impact Energy; | 


+ 
“| 


% Red in Areo| | 


ie} 
-80 -40 


IMPACT ENERGY IN FT-LB. PER SQ IN 


ferrite grain had a set of three 
mechanical twins with a cleavage 


40 80 120 160 -40 O 120 160 


PERCENT REDUCTION OF AREA 


TEMPERATURE °F 


Fig. 18 Curves relating impact energy and per cent reduction of area to the 


fracture traversing the ferrite grain temperature of the impact test of armco iron at an initial energy of 45 ft.-lb, 
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Fig. 19 Sketch showing region of maximum density of 
mechanical twins in armco-iron specimen subjected to 
impact load 


\ Areas containing twins: scale: Lin 5 mm. 


The Armeo iron was purchased in the cold-rolled 


condition and was heat treated, befcre machining the 
tension-impact specimens, according to the following 
schedule; normalized by heating to 1700° F., held 20 
min. at temperature, air cooled then reheated to 1100 
F. and furnace cooled for stress relief. The same Type 
B specimen design was employed to prepare the Armco 
iron for tests in tension impact made at initial-energy 
levels of 220, 110 and 45 ft.-lb 
ol tension-impact tests of Armco Iron are to be given in 


The complete results 


another report and the results for the 45 ft.-lb. initial 
energy level only are given in the curves of Fig. 18 
The data for metallographic examination of partial 


fractures in Armco iron are given in Table 2 


DATA OBTAINED WITH ARMICO TRON 


The most characteristic feature of the microstructure 
of partially fractured Armco iron specimens ts_ the 
presence of mechanical twins in regions which suffer a 
low level of shear deformation. These regions are 
outlined as a band in the sketch of Fig. 19 and twin 
loci are seen to be regions of low stress at the tringes o 
the volume of material in the notch \ number of 


cleavage fractures were found in this region of sever il 


partial fracture specimens of Armco iron Another 
specimen which was fractured at 60° | 45 ft 
initial energy to give 222 ft ener ibsorptior 
as given in Fig. 1S showed a complete ture in tl 


region es illustrates 


Fig. 20 
specimen of armeo tron 


Mac rograph of 


frac tured region ol 
marimum density of 


mechanical 
Secale below shows 
in. intervals 
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even though this region was well outside of the region 
of maximum stress in the notch area lhe fracture is 
seen to have traversed the region shown in Fig. 19 
with highest frequency of mechanical twins. Several 
of the partial fracture specimens of Steel Dn also 
showed cleavage fracture regions in this same outer 
tringe ol the shear area in the notch where a high fre- 
quency of mechanical twins was in evidence The 
association of mechanical twinning with cleavage 
fracture is also brought out quite strikingly by the 
micrograph in Fig. 21 for the specimen of Armco Iron 
which was fractured outside of the notch as shown in 
Fig. 20 In this figure there is evidence that the 
cleavage fracture apparently started in the twin areas 
and propagated into the untwinned ferrite grain 


SPECIAL BEHAVIOR OF KILLED STEELS 


From Table 2 it can be noted that the fracture of the 
carbide lamellae in pearlite is the initial phase of fracture 
for the transition range in steels of rimmed, semikilled 
and fully killed grade The fracture of pearlite in 
killed steels, however, does not in general lead to cleave 
age failure, as occurs in the rimmed and semikilled 
steels by stress concentration effects at the end of the 

Phere is 
» produce 


internal cavities or holes in the ferrite surrounding the 


sharp notch proy ided by the carbide fracture 


instead, in the killed steels, the tendency t 


pearlite fracture region, due possibly to the higher 
ductility and lower notch sensitivity of the ferrite in the 
killed steel 

The killed steels also show another marked difference 


from the rimmed and semikilled steels in that the tree 


quency of formation of mechanical twins is of a much 

lower order At lower temperatures ol tat which 

peariit ! el ein the 

rimmed ana m iste the Ire f mechani« 


Fig. 21 Initiation of cleavage fracture in mechanical 


fuins in armeo iron Etchant 59 nital, magnification 
1500 (Reduced in reproduction) 
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‘al twinning increases in these steels and cleavage 
failure takes place with little shear deformation in the 
notch volume. At these same test temperatures the 
killed steels still show fracture of pearlite lamellae and 
another feature of the microstructure having the appear- 
ance of ferrite grain boundary twins begins to show. 
These areas are illustrated in Fig. 22 and are believed 
to be regions of mechanically twinned ferrite which are 
restricted to the grain boundaries. In the rimmed and 


Fig. 22.) Appearance of ferrite grain boundaries in killed 
steel subjected to impact load. Etchant 5% nital, magni- 
fication 2000 X. (Reduced '/, in reproduction) 


semikilled steels it was observed that mechanical twins 
also start at grain boundaries but have little difficulty 
in traversing the entire ferrite grain. At temperatures 
lower than the transition temperature range the twins 
formed in the killed steels do propagate through the 
entire ferrite grain. The relationship between mechan- 
ical twins and cleavage fracture has not yet been inves- 
tigated as thoroughly for the killed steels as for the 
rimmed and semikilled steels. 


SUMMARY 


Observation of the microstructure of steel specimens 
loaded in tension impact may be summarized as follows: 

1. ‘The tension-impact fracture in the transition 
temperature range for all of the steels tested, was 
initially in the carbide lamellae. 

2. There was evidence that for the rimmed and 
semikilled steels cleavage fracture may be the end 
result of a sequence of (a) pearlite fracture (6) mechani- 
cal twinning in the region of high stress at the cracks 
and (¢) finally cleavage. 

3. ‘There was evidence of insensitivity of the killed 
steels to the second stage in the above sequence with 
respect to both temperature drop and twin frequency, 
and as a consequence the observed tendeney of the 
killed steels to form internal cavities or holes at the 
cracks may be considered as a process of relief of high 


stress by plastic flow involving slip rather than twin- 
ning. 

4. Several illustrations have been provided to show 
that mechanical twinning precedes cleavage fracture 
and that the cleavage may be initiated by the twin, or 
in the twin-deformed region. 

5. The killed steels showed an outstanding dif- 
ference from the rimmed and semikilled steels in the 
reluctance of the mechanical twins to propagate across 
the ferrite grain from one grain boundary to the 
other. For the rimmed and semikilled steels the twins 
usually extended over the entire grain diameter. 

6. Mechanical twins which were propagated across 
the grain diameters of the killed steels made their 
appearance at considerably lower temperatures than 
was found for the rimmed and semikilled steels. 

7. The transition temperature phenomenon in 
ferritic steels appears to be associated with the ease of 
formation of mechanical twins, their frequency, their 
ease of propagation across the grain diameter and the 
ease of cleavage initiation by the twins; all with 
respect to the temperature of the impact test. 

8. It can be reliably stated that cleavage fracture 
terminates the high energy absorbing capacity of 
rimmed and semikilled steels at higher temperatures 
than for the killed steels. The higher twin nucleation 
temperature which the less thoroughly deoxidized 
steels possess is considered to be the chief factor respon- 
sible for their more easily produced cleavage fracture. 
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oom Temperature Tensile Tests as an Index ol 
Tansition Temperature of Steel Plates 


® Paper suggests possibility of using reduction of area results 
as obtained from room-temperature round-bar tensile tests 
to predict transition temperatures of pressure-vessel steels 


by Sadun S. Tor, Robert D. Stout and 
Bruce G. Johnston 


INTRODUCTION 
THEN the Pressure-Vessel Research Project at 


Lehigh University was started four vears ago it 
was with the purpose of studving and determining 
the effects of various fabrication processes on the 
steels used in pressure vessels. Ultimately, it was 
hoped that through this extensive study, not only would 
the general knowledge in this field be enlarged, but also 
data would result which the design engineer could make 
use of in pressure-vessel design. Two steels were 
selected and major parts of heats purchased. Four 
progress reports have already been published as a 
result of this program!‘ in which studies of various 
notch-bend tests, the effects of plastic strain and post- 
heat treatments, and the effects of welding on these 
steels were reported. In this paper further analysis of 
the data as reported in one of the earlier papers, namely 
Progress Report No. 3 by Osborn, Scotchbrook, Stout 
and Johnston,® is presented, and it is indicated that 
deformations in the standard tensile test at room tem- 
perature are significantly related to the transition tem- 
perature of these and other steels 
A relationship between tensile-test results and transi- 
tion temperatures has been sought previously. Re- 
cently, Dr. C 
Test Results,” said, “ 
test results and notch-bend and notch-tensile results is 


F. Tipper® in her paper “Correlation of 


some relation between tensile- 


to be expected whenever plastic deformation occurs.”’ 
However, her data fail to substantiate this statement 
and she is forced to state in her conclusion, ‘‘the transi- 
tion temperatures cannot be predicted from the tensile- 
test results, although low-transition temperatures are 
associated with high values of reduction in are: 
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In this paper data are presented in a different manner 
and it is shown that, allowing for a rather uniform zone 
of seatter, a straight-line relation does exist between 


tensile-test results and transition temperatures 


MATERIAL 


Steel Plates 


Steel used in this investigation was aluminum-killed 
\.S.T.M. A-201 Grade A and Rimmed A.8.T.M. A-70 
(now A-285) in 1'/; and °/s in. thickness. Steel A-2017 
had 0.15 earbon and 0.53 marganese and Steel A-70 had 
0.20 carbon and 0.35 manganese (See reference 2 for 
further details.) 


Plastic Straining 


The 1'/,-in. material in both steels was tested after 
the following petManent straining operations: 
None 
1%, tension 
5°, tension 
10°, tension 
1°) compression 


-in. material was tested only after operation 3. 


Heat Treatment after Plastic Deformation 
Material in each of the above strained conditions 

was tested after the following heat treatments: 

1 Room temperature 

2 500° F 

3 800° F. 

4 1150° F 

5 1600° F 


PROCEDURE 


The materials used, and testing procedures were 


Transition Temperature 177-8 


y 
4 
The) 
I f \ 


Notch depth = 0.080" 
a, Notch angle =45° 


Root radius = 0 010" 


Aalling direction 


Fig. Lehigh slow-notch-bend specimen 


described fully in references 1-3; however, it may be 
pertinent to give a brief description of the Lehigh 
slow-notch-bend, Charpy, and tensile specimens, their 
treatments, and the testing methods, as adapted to the 
present program. 


The Lehigh Slow-Notch-Bend Test 


In Figs. l and 2 can be seen the specimen and the test- 
ing jig used to determine transition temperatures by the 
slow-bend method. The notches were machined in two 
cuts after the straining and heat-treating operations. 
The direction of plastic strain was in the direction of 
the long axis of the specimen. Transition curves were 
established by testing twelve double-notch specimens 
at various temperatures and observing the following 
criteria: 

1. Total energy absorbed in breaking specimen. 

2. Per cent cleavage in the fracture surface. 

3. Per cent lateral contraction '/y in. below the 

notch after fracture. 

To obtain a transition curve and thus determine the 
transition temperature, each of the foregoing criteria 
was plotted against the temperature of the test, and the 
averages of the points at each temperature were joined 
by straight lines. The temperature corresponding to 
the point on the curve at 50°% of the maximum value 
was defined as the transition temperature and was indi- 
cated by Ty for energy criterion, T, for per cent cleav- 
age fracture criterion and Ty for per cent lateral con- 
traction under the notch criterion. 


The Charpy Test 


Standard V-notch Charpy specimens with a 0.08-in 
deep notch and with the direction of plastic strain 
parallel to the long axis of the specimen were used 
The notch direction was normal to the surface of the 
plate. Twenty-four specimens tested at six tempera- 
tures were used to plot the transition curve.  Transi- 
tion temperatures were determined in the same manner 
as in the Lehigh Slow-Notch-Bend Test. 
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Transition Temperature 


Tensile Test 


Standard 0.505-in. diameter tensile specimens ma- 
chined subsequent to the same plastic strain and heat- 
treatment sequences were tested in duplicate and all the 
pertinent data were recorded. 


Explanation of the Graphs 


The relationship between the tensile specimens and 
the Lehigh slow-notch-bend or Charpy specimens was 
obtained by plotting the per cent reduction in area as 


obtained from the standard room-temperature tensile. 


tests against transition temperatures in degrees fahren- 

heit as obtained from slow-notch-bend specimens or 

standard V-notch Charpy impact specimens. In addi- 

tion T, transition temperatures are plotted against: 
e (total ductilitv) = In (A 1,) 


(uniform ductility) = In (A. /A,,) 
(necking ductility) = In (A,,/ A») 


where: 
Ao = initial cross-sectional aren 
A», = cross-section area at breaking 
A,, = cross-section area at maximum load 


It should be borne in mind that the points on these 
graphs represent two different steels and 30 different 
treatments prior to tensile or transition-temperature 
tests. Hence a large variation in the resultant proper- 
ties is represented. 


Discussion of the Graphs 


In Fig. 3, Ty lateral-contraction transition tempera- 
ture as obtained by the Lehigh slow-notch-bend speci- 
men is plotted against the reduction in area. The 
reduction in area values cover a range of 20°, (from 
50 to 70°.) and the transition temperature covers a 
range of 200° F. (from —120 to +80° F.) 
tionship is a straight line with some scatter. The 
scatter is of the magnitude to be expected from this type 
of data. In Fig. 4, Ty transition temperature as ob- 


The rela- 


tained from V-notch Charpy specimens are plotted 
against per cent reduction in area. The curve from 


Specimen size 12°.3° 
Notches at 4° intervals 


J 


~~ 
dia — | 
<— Rolled surface notch 
080" deep 
45° angle 


010" root radius 


Fig. 2 The Lehigh slow-notch-bend test 
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| ASTM Steels : 
A70 A20I 
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1% str 
5% str. 
10% str. 
1% comp. 
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Transition temperature °F 


80 


Fig. 3) A70 and 1201 steels after various plastic strains and heat treatment 


Relation between reduction in area and transition temperature 


Fig. 3 is superimposed here to afford a better compari- 
son between the two tests. The Charpy transition 
temperatures are roughly 90° F. higher than those ob- 
tained for similarly treated steel by the Lehigh slow- 
notch-bend test Figure 5 shows the relation between 
Lehigh slow-notch-bend and V-notch Charpy transition 
temperatures where per cent contraction under the 
notch is used as criterion 

It can be seen that in spite of the scatter there is a 
definite correlation between the two test methods. In 
Fig. 6, per cent reduction in area values are plotted 
against the energy-transition temperature as obtained 
from V-notch Charpy specimens with the energy ab- 
sorbed during test used as criterion. The resulting 
straight line is practically the same as in Fig. 4. How- 
ever, the points are bunched together indicating that 
the energy criterion for use in transition temperature 
determination with the Charpy specimen is not as 
sensitive to changes in strain or heat treatment as per 
cent contraction under the notch measurements 

In Fig. 7, €, (total ductility) has been plotted against 
Lehigh slow-notch-bend transition te mperature T 
Here again the straight-line relationship is in evidence 
However, when e, and e,, uniform ductility and necking 
ductility, respectively, are plotted against transition 
temperatures 7,—Figs. 8 and 9, the relation is obscured 
by excessive scatter 
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Fracture appearance used as a criterion for transition- 
temperature determination is not as sensitive as either 
the energy criterion o1 per cent contraction criterion 
in the Charpy or Lehigh slow-notch-bend tests. In 
Fig. 10, transition temperatures as determined by 
fracture appearance defined as per cent cleavage has 


been plotted against per cent reduction in area values 


ASTM Steels 
4-70 
A~-20i 


a 


Reduction in area 


- 60 40 
Transition temperature °F 


Fig. 4 Relation between transition temperature and 
reduction in area 


V-notch Charpy test criterion: per cent contraction. A70 and A201 
steels after various plastic strains and heat treatment 
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Fig. 5 Relation between V-notch Charpy and Lehigh 
slow-notch-bend transition temperature 


Criterion: per cent contraction. 70 and A201 steels after various 


plastic strains and heat treatment 


Reduction in area 
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Transition temperature °F 


Fig. 6 Relation between reduction in area and transition 
temperature 


V-notch Charpy test. Criterion: Energy absorbed. A770 and A201 
steels after various plastic strains and heat treatment 
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(Maximum true strain at fracture) 
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Transition temperature °F 


Fig. 7 Relation between ©, maximum true strain at 
fracture and transition temperature 


Lehigh slow-notch-bend test. Criterion: per cent contraction. 
ATO and A201 steels after various plastic strains and heat treatment 
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Transition Temperature 


obtained from tensile tests. The relationship is not of 
the straight-line type but rather curvilinear. 

Up to this point all of the data presented have been 
confined to the results of the research performed at 
Lehigh University. However, it was considered desir- 
able to survey the transition-temperature literature to 
uncover some substantiating data suitable for plotting 
per cent reduction in area against transition tempera- 
ture. Such data were found in the A.S.M. Campbell 
Memorial Lecture of 1947 delivered by Dr. A. B. 
Kinzel. The Kinzel slow-notch-bend specimen, Fig. 
11, and testing jig, Fig. 12, are very similar to those used 
in the Lehigh slow-notch-bend method. The main dif- 
ferences in the test specimens are in the plate thickness 
and the V-notch depth; the Kinzel specimen was '/»-in. 
thick and the V-notch was 0.05 in. deep; whereas the 
Lehigh specimen as used in the Pressure-Vessel Re- 


| ASTM Steels 
~a-70 
° A- 201 


(Uniform ductility) 
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Fig.8 Relation between « (uniform ductility) and transi- 
tion temperature 


Lehigh slow-notch-bend test. © prion: per cent contraction. 
A70 and A201 steels after various plastic strains and heat treatment 
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Fig. 9 Relation between necking ductility and transi- 
tion temperature 


Lehigh slow-notch-bend test. Criterion: per cent contraction. 
A70 and A201 steels after various plastic strains and heat treatment 
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search Program was °/; in. thick with 0.08-in. deep 
V-notch. The differences in the testing jig are the 
specimen support span which is 4'/: in. in the Kinzel 
jig and 7 in. in the Lehigh jig and the ram tip which in 
the Kinzel jig has a radius of '/, in. and in the Lehigh 
jig a '/2-in. radius. 

It is noteworthy, however, that contraction under the 
notch was used as a criterion for transition temperature 
determination and also both tensile and slow-notch-bend 
tests were performed on a great variety of steels ranging 
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Fig. 10 Relation between reduction in area and transition 
temperature 


Lehigh slow-notch-bend test. Criterion: per cent cleavage. A70 
and A201 steels after various plastic strains and heat treatment 
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Fig. Kinzel-slow-notch-bend test specimen 
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Fig. 12 Jig for Kinzel slow-bend test 


Moreover, the fact that 
both of these tests were performed on steels similarly 


from plain carbon to alloy 


treated enables one to make a correlation study 
similar to that carried out for the Lehigh data 

The data from the Kinzel® paper are plotted in Fig. 
13. The per cent reduction in area values are obtained 
from room-temperature tensile tests and the transition- 
temperature values are obtained from the Kinzel slow- 
notch-bend specimen using the under-notch contraction 
It should be noted that Kinzel used the 
temperature corresponding to 1°% contraction in the 


as criterion. 
transition curve as his transition temperature. There- 
fore, his temperature values appear lower than the 
Lehigh values. To permit a comparison of this straight 
line, Lehigh transition temperatures were redetermined 
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Fig. 13 Relation between transition temperature and 
reduction in area 


Kinzel slow-notch-bend test Criterion: 1% contraction. Plain 
carbon, low-alloy and alloy steels as-received and as-normalized. 
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Fig. 14 Relation between transition temperature and per 
cent reduction in area 


Lehigh slow-notch-bend test. Criterion: 1% contrac A70 and 


A201 steels after various plastic strains and heat treat 
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notch-bend-test data. Criterion: 19% contraction 
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Lehigh slow-notch-bend test. Criterion: per cent contraction 
ATO and A201 steels after various plastic strains and heat treatment 
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Fig. 17 Relation between elongation and transition tem- 
perature 


Kinzel slow-notch-bend test. Criterion: 1% contraction. Plain 
carbon, low-ally cal alloy steels as-received and as-normalized 
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from the original transition curves, at 1°; contraction. 
When the Lehigh per cent reduction in area values are 
replotted against these transition temperatures in 
Fig. 14, it becomes obvious that they lie practically 
on the same line as the Kinzel data, Fig. 15. It should 
be noted that three groups of steels are represented in 
the Kinzel data and therefore, a wide range of reduction 
in area and transition temperature values are present 
It is interesting that the Lehigh values which represent 
two plain low-carbon steels should fall on the same 
curve as the carbon and alloy steels of the Kinzel data 

When per cent elongation data are substituted for re- 
duction in area, as in Figs. 16 and 17, the transition 
temperatures (per cent contraction criterion) no longer 
fall into a satisfactory correlation with the tensile 
results of either Lehigh or Kinzel. 


CONCLUSION 


The curves presented in this paper show that, allow- 
ing for a band of scatter, there is definitely a straight- 
line relationship between tensile-test results, and 
Charpy or slow-notch-bend transition temperatures 
Particularly, this is true of the correlation between 
percent reduction of area values obtained from the 
standard tensile-test specimens and the transition tem- 
peratures as obtained using lateral contraction as 
criterion. Moreover, this relationship is substantiated 
by an analysis of results from similar tests conducted 
by Kinzel® at an earlier date. 

These curves, therefore, lead one to the conclusion 
that reduction in area as determined by a tensile test 
may have more significance than is generally realized 
If interpreted in this manner it has the advantage of 
requiring only a few tensile tests as compared to 24 
notch-bend tests needed for transition-temperature 
determination. The ultimate aim in this type of corre- 
lation would be to substitute the standard tensile test 
where the many limitations of the V-notch bend speci- 
mens such as the severity of the notch, the condition 
of the notch bottom, the speed of bending, etc. are 
absent. Moreover, the tensile test is relatively easy to 
perform and is universally accepted. 

William and Ellinger’? have shown that plates from 
Liberty ships in which fractures occurred possess an 
average of from 6 to 12 ft.-lb. V-notch Charpy values 
when tested at the temperature of the ship failure 
If such a criterion of energy level can be applied to 
pressure vessels, then it would mean that a steel which 
has a V-notch Charpy value lower than some specified 
value at temperatures at which the finished pressure 
vessel will operate, would be unsatisfactory. Using 
this specified energy-level criterion, V-notch Charpy 
transition temperatures could be determined on a 
number of steels and treatments and plotted against 
per cent reduction in area (obtained from room-tem- 
A direct 
correlation between the operating temperature of the 


perature tensile tests) on the same steels. 


pressure vessel and the per cent reduction of area 
required in the steel would thereby be established. In 
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the fabrication of pressure vessels, the steel is subjected 
to certain bending, pressing or welding or combination 
of these operations with the accompanying lowering of 
the ductility. This loss in ductility could be deter- 
mined by the design engineer, and before the tensile 
tests are made, the material could be strained by this 
amount. Alternatively, the reduction in area after 
such a prestrain might be predicted by reference to a 
complete true stress-strain curve of the material. In 
this way the per cent reduction in area determined by 
the tensile test would more or less represent those 
portions ol the pressure vessel that were strained and 
therefore retain less available ductility. The transition 
temperature corresponding to the reduction in area as 
determined by the above method would then indicate 
the suitability of that particular steel for use in a pres- 
sure vessel at that temperatur® 

It would be of major interest to determine if the same 
type of relationship would hold true if flat-bar tensile 


specimens were used instead of round bar 


It is hoped that other investigators will determine 
the relationships reported herein and that future work 
be guided along these lines. It would be desirable to 
obtain tensile and transition-temperature data from 


pressure vessels that have failed 


SUMMARY 


Straight-line relationships have been shown to exist 
between room temperature round-bar tensile-test re- 
sults and transition temperatures as determined by 
Lehigh slow-notch-bend, Kinzel slow-notch-bend and V- 


notch Charpy methods. The possibility of using room- 


temperature tensile tests to predict transition tempera- 


tures of pressure-vessel steels has been indicated 
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Distribution of Locked-In Stresses in a Large Welded- 
Steel Box Girder 


» Methods of determining residual stresses in large heavy-welded box 
girders. Stresses vary from high tension to moderate compression 


by John l asta the _Telaxation method, and changes in as having a significant effect on the struc- 
strain were measured by means of SR-4 

: + om : tural behavior of large and heavy weld- 
electrical strain gages. The girder was : 
subdivided at four transverse sections. 
This paper gives the distribution of the heavy structures has been considered 

Abstract locked-in stresses and discusses strain-gage responsible for creating residual, multi- 

drift and other factors affecting the prob- 

\ large welded box girder, made of rela- able accuracy of the data. Also treated 

tively thick plates and embodying a high are the limitations of a quasi-destructive 

degree of constraint, was fabricated and method as a tool for determining locked-in of straining, could cause failure of the 

then trepanned for the purpose of deter- stresses, structure even when average stresses are 

mining the distribution of the locked-in 

stresses, These stresses were obtained by low. To study the effects of this con- 

Tv crT " straint, a series of tests was made on large 

INTRODUCTION 

John Vasta is Head, Hull Design Scientific See- welded-steel | rirders. These were 

tion, Bureau of Ships, Navy Dept., Washington, elded steel girde Phese 

D.C IGH constraint in structural mem- about 23 ft. in length and 2 ft. square in 

Scheduled for presentation at the Thirty-first bers caused by their geometrical cross section, weighing approximately 9 
Annual Meeting, A.W.S., Chicago, week of one 

Oct. 22, 1950 shapes has been generally regarded tons each. The project was initiated 


ments. The inherent rigidity in these 


axial stresses which, under certain com- 
binations of low temperature and high rate 
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SECTION A-A 


Fig. | Details of box girder 
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several years ago by the Welding Research 


Council as part of the broad research pro- 


gram stimulated by the ship 


fracture 
problem 


In all, six girders were constructed 


The first was tested in bending at room 


temperature 


tically 


This specimen carried prac- 
load t ed on the 


ted 6 in 


the full caleulated 


modulus of rupture, and defle 


before finally failing in a brittle mode 


As the importance of the welding residual 
stress on the behavior of welded structure 


gave ground to that elusive 


steel 


prope rtv ot 


notch sensitivity —the test program 


Was reoriented to explore the iatter 


Accordingly, the next four girders were 


tested at varicus 


from 10 I to 


temperatures ranging 


room temperature. 
By keeping design, material and fabrica- 


tion and welding sequences constant, it was 


possible to evaluate the structural per- 


formance of these girders as a function of 
the testing temperature 
structural tests have 


March 1949 issue of 


Supplement.» * It 


The results of these 
heen reported in the 
Welding Research 


should be remembered that in these tests it 


* Numbers in pare 


n at the 


6,28,50,72 


Q7.29,51,73 


had been assumed that 


straint existing in the specimens 


implying that there 


residual stresses in the 


the relaxation 


method. The un issumption here 
was that the locked-in stress measured in 


the sixth box girder would be representa 


tive of the value existing in the previously 
tested specimet! Locked-in stress Is 
defined as that stress set up in a structural 
member by t 
und ssen 

the method 
dismemberment 
paper gives t 
of the 


changes in trains measured or 


relaxing, panning the various 
30,52, 74 


disc usslol 


GENERAL FEATURES OF THE 


rEST 


i Fig 
fied as s¢ 


illy 


the girder 


symimetri 
in relation to the 
were investigated i s 3 and 4 show 
the outling nd dimensior of the tre 
dl bloc! which were ct trom the 


girder | i ot dnrnilu sinall 


panne 
ove! 
lanping heries 
lapping periphert 


lightening hol provided int 
“ 
10,32 


| 


PLATE C TOP PLATE 


O2,3', 53,75 


~ 
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vse ve U vac 


99" v2'2 
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the degree of con- blocks from the girder; with 
was large of the most significant findings 
possil>!) 
ee equally high locked-in stresses in the plate 
quantitative value of these initial stresses 
ee girder, the sixth of the series, to the same lhe structural details of the box girder 
ixth specimen w m to be tested details giv in Fig. | Change in 
ee fF divided at four transverse ross sections electric strain gage it the locations shown : 
ee in order to determine the state of the Four t e girths, identi 
| 
juired i wes 
of the plate s well on the outsick , 
The int | were inatalied befors 
Pe closing up the girder, Fig. 7. The neces- ; x 
a 
sary wiring connecting the gages to. the 
parentheses indicate references 4 
of the report i 
a 
4,76 
45-66 
2 23-44 : 
3 ! -22 
>> Zs 
BR Be | $ 
> > 
| 
| ' | PLATE A ' 
> a- “a 
higure 2 
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- 
.t | | i! 
T 
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| “ | 7 
WZ Ww 21292 4% 2229) 222222 
z z BOTTOM 
Ow ¢ O- view 
© = soere 2 5 5 
= STRAIN GAGE wz 
= WELO 
DO = DIAPHRAGM 
Fig. 3) Outline of trepanned blocks 
diaphragms, Fig. &. This figure also subdivision. The complete trepanning 
shows the girder supported on special jigs operation required two more months. 
to facilitate drilling, The girder, com- Changes in strain were obtained by taking 
pletely sectioned, is seen in Fig. 9. Note initial measurements on all the gages just 


that the severed sections are held together 


by two tack-welded bars 


At each of the four transverse sections, 


changes in strain were recorded at 22 gage 


this number being consicde 


the minimum 


locations, 
to give a reasonable 


tribution of the loeked-in stress for 
girth 
stations measured on 


strains were 


sides of the pl ite, tour gages were loe 
it the outside corner welds, and the rem 
ing four were placed opposite the weld 
the T-joints 
Approximately two months, July 
August 1948, elapsed from the time w 
the inside strain gages were installed to 


time when the box girder was ready 


“red 
dis- 
the 


At fourteen of the 22 strain gage 


roth 
ited 


s ol 


and 
hen 
the 


tor 


prior to starting the trepanning operation, 
and reading final strains immediately after 
each block was removed from the girder 
In this manner the time increment between 
the initial and final strain readings became 
a variable one; a matter of a few hours for 
the first block trepanned and about two 
months for the last one. From this spread 
of testing time it would seem that there 
some strain 


was ample opportunity for 


gage drift. This question is discussed in 


detail later on 


ANALYSIS OF DATA 


initial 
converted — to 


The differences between 


final 
stresses by means of the well-known elastic 


strain 


and readings were 
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Fig. 4 


showing how trepan- 
s accomplished 


View 
ning 


tive mask for 


White areas indicate pre 


strain gages 


this 
29 


Appendix A. For 
Young's modulus of 


stress equations, 
caleulation, a 
million psi., and «a Poisson's ratio of 0.3 
assumed. In strain to 


were converting 


stress, elastic behavior was considered 
throughout even in the few cases when the 
resulting stresses appeared to be higher 
than the 
This is believed to be justified because a 


elastic 


elastic limit of the material 


stress is essentially an 


relaxation 
one, Where strain was measured on both 


sides of the plate, the strain differences 
were averaged before converting to stress 
Only longitudinal and transverse locked-in 
stresses were computed, these being con- 
sidered as having the most practical signifi- 
The tab- 


ulated in Appendix B. 


cance. ealculated stresses are 


RESULTS AND DISCUSSION 


locked-in stresses 


distributions of the longitudinal 


letermined at the four 
transverse sections are presented graphic- 


ally in Figs. 10-13 inclusive. The plots 


are strikingly similar and show a reason- 


ably consistent pattern from section to 


section. The stresses for the four sections 
have been averaged and are shown in Fig 
14. This averaged distribution may be 
considered as typical for the girder. It 
shows that the stresses in the web. plates 
vary from a very high-tensile residual 
stress (of the order of the vield point of the 
material) at the upper corner welds, to a 
high loeked-in 


stress of about 20,000 psi 


moderately 


COTRPPessl VE 


it mid-height of 


the girder. The thick, top flange plate is 
the most irregular in its behavior; the 
stresses vary considerably from section to 
section, although in the main they retain 
their compressive character. Of particu- 
lar interest is the behavior of the lower 
flanges and the bottom corner welds, 


The entire width of the bottom plating 
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Fig. 5 


Typical upper corner T blocks removed 
from girder 


Note strain gages and internal wiring 


Fig. 7 
cover plate, showing 


phragms 
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internal 


Cirder before addition of top 


dia- 


~ 


B e 
Outside 


Fig. 6 Typical blocks trepanned from side plates 


Right view shows the internal wiring 


appears to be in a state of longitudinal 
tension, with a mean intensity of ¢ pproxr- 
mately 13,000 psi. The lower corner weld 
22,000 to 28,000 psi 


vield point inten- 


stresses are moderate, 
tension instead of the 


sity These relatively low welding stresses 


Fig. 8 
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may have been considerably influenced by 


the welding sequence used in fabricating 


the girder. It is significant that the top 


flange plate was welded last, making the 


upper corner welds the closing ones 


Any secondary bending stresses induced 


Box girder supported on special fixture preparatory to trepanning 
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Fig.9 Box girder completely sectioned 


The various elements held together by tack-welded bars 


by this last operation may have partially 


° 


relieved the welding stresses at the lower 


a 


corners, 


The distribution of the transverse 


-1000 Pst 


TENSION 


locked-in stresses is somewhat similar to 
that of the longitudinal one except that the 
stresses at flanges of the girders are of 


STRESS 


come 


STRESS - 1000 PS! 

COMPRESSION TEN SION 
20 10 20 30 «40 
| 


STRESS - 1000 PS! 
TENSION 
opposite sign. At the upper corner welds, 


tensile stresses approach the yield point. 


\cross the top flange, stresses are moder- 
ate and fairly uniform, about 18,000 psi., 
but this time tension predominates. 
The bottom flange shows tension at the 
edges, changing to slight compression 


ACTORS the center. There was good agree- 


ment between points located symmetric- 
ily with respect to the vertical axis. 
No check of the balance of forees and 
moments 1s possible in this case because 


BOX GIRDER 
DISTRIBUTION OF 
LONGITUDINAL 
LOCKED-IN STRESS 
AT SECTION |} 


10 


of the unknown stresses developed in the 
internal diaphragms. The discussion per- 


so 


taining to the reliability of the strain data, 


STRESS -1000 PS: 
TENSION 


therefore, is confined to the longitudinal 


| 
Figure 10 


stresses 

Since the box girder is in equilibrium and 
no external forces are applied, the longi- 
tudinal strain data should satisfy two basic 
requirements: equilibrium of internal 
forces, and equilibrium of internal resisting 


moments, In order that there should be 


no translation, the sum of the tensile 
lorees must equal the sum of the compres- 


sive forces Based on the averaged stress 


STRESS 


distribution of Fig. 14, the ealeulated 


COMPRESSION 


STRESS - 1000 PS! 
internal compressive forces balance the remeron come 


tensile forees within 5°%, a figure well with- __40 


in the limits of experimental accuracy. 
The wreement, however, is not so good 
with regard to the internal resisting 
moments To satisfy the requirement that 
there be no rotation, the net internal re- 
sisting moment about a system of orthog- 


onal axes must also be zero The cal- 


culated internal resisting moment about 

the vertical axis, which is the axis of struec- 

tural symmetry, balances within 8%, but ’ BOX GIRDER No G 

DISTRIBUTION OF 
LONGITUDINAL 

LOCKEDO-IN STRESS 
AT SECTION 2 


the moment about the horizontal axis is 
unbalanced by about 20%, Fig. 15 

The discrepancy in resisting moment 
ibout the horizontal axis admittedly is 


STRESS-l000 PS! 


high. However, even a 20° unbalance 


may be considered reasonable under the Figure ll 
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ome | ay 
q 
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a | 
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TENSION 
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a 
circumstances, for the reasons discussed 
| The experimental points in Fig. 14 
are not numerous enough to fully establish 
the shape of the stress distribution curves 
It is entirely feasible to draw through these 
nts f stress curves 
pon ur re ury which do not 
disturb the balance of the internal forces 40 ° o 20 4 
ind vet affect the balance of the resisting 
moment about the horizontal axis by 3 to a — > 
= > 


2. In order to arrive at the locked-in 
forces and moments, the stress intensities } 4 \ | 
were multiplied by the nominal cross- } a SU 
sectional areas of the girder components & > 
Variations in plate thickness of the order of _ 
commercial tolerances can influence the 
resisting moment calculation by as much 
a 
« 
3 The strain data are weurate, at ba 
best, to +20 micro inches per ine! Phi Se T EcT nN 53 
means that the stress intensity could be in a) rt 
error by a spre ui of about 1200 psi \ ihe. 
Figure 12 
variation in the stress curves of this amount 
ean affect the resisting moment by 3% 3 
In addition to these tangible fac ; 
tors. there are others which are much more a 
difficult to evaluate For example, any 4 : 
rolling stresses that may have been present r +4 
in the plates are reflected in the relaxatior f | 
strains. In this regard it may be recalled RESS oPs Sol ST RE 
that rolling stresses have a variable d TENSION . ENSION 
tribution through the thickness of the I I I z 
plate I xperimental wor has show —— ‘ 
steep stress gradient it the surfaces chang 
ing in sign at the central core of the plate 
T of stress aiatr } 1 
The same shape of stre listribution | \ ? \ 
been measured through the thickness of a / 
welded joint In the technique for deter —< ; + 
mining stresses 


measured 


on ypposite 


it is usually assumed that the stress varies r — BOX LIRDEKR Ne «¢ 4 
linearly through the thickness of the plate a TRIBUTION OF 
From references 3 and 4, it would appear P am § 

im sssumptior is no 2 
that this simplified impti ha t AT SECTION 4 
been corroborated b tests It can be w t 

inferred that if the distribution and inten- sf 
sities of the rolling stresses are identical Figure 13 D 
in the top ind bottom flanges of the girder 
thair ta ld tend to neutralize eac} 4 
their effects would tend to neutral THE AVERAGE Of 4 OBSERVATIONS 
other. but because of the difference u TAKEN AT 4 TRANSVERSE SECTIONS 
plate thicknesses this cannot be accepted g 

is a proven fact Therefore the effect of i 

23 


rolling stresses remains an unknown quan 


tits 


While many of 


minor in themselves curnulative I I 
effects could account for the unbalanced => lor 7 


ctors may be 


moment observe 


that the 


he 1-1 
thir 
weurs vithin the 1 


the 


xperimental technique ¢ 


GIRDER N° G 


~ 4 
STRAIN GAGE DRIFI y 4 
z DISTRIBUTION OF 
After the gages were installed, approxi LOCKEO-IN STRESS 
mately two months elapsed before the box ww Q 
girder was completely subdivided and . 
strains were read, Since all the gage sta- Figure 14 
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tions could not be sectioned and read 
simultaneously, the distribution of the 
stresses presented herein could be in error 
by the amount that the strains may have 
drifted with time. Only that drift which 
may have occurred between the initial 
and final strain readings (after trepanning) 
would affect the reliability of the data. 
The reasons for strain-gage drift are still 
obscure, though some of the elements 
contributing to it are known. While 
making spot checks on some of the blocks 
already trepanned, it was discovered that 
in some instances a significant strain 
change had oecurred. Naturally, this 
raised the question as to whether the addi- 
tional change was due to further relaxa- 
tion of the locked-in stress, or merely repre- 
sented strain-gage drift caused by gage 
instability. To explore this possibility 
further, several blocks were selected at 
random for additional observation of 
changes in strain with time. These ob- 
servations covered a period of approxi- 
mately three months. While every effort 
has been made to interpret the additional 
data, the information gathered is some- 
what inconclusive and precludes formula- 
ting an orderly pattern of variation of 
strain with time, temperature or even 
humidity. For example, at Station 75 
the change in strain taken immediately 
after trepanning indicates a compressive 
longitudinal stress of 17,200 psi. The 
strains recorded three months later corre- 
spond to a calculated stress of about 10,500 
psi., and those measured three weeks after 
that indicate a compressive stress of 
17,100 psi. Not all the strain gages 
studied behaved in a similar manner, as 
seen from the following table: 


After Locked-in 


Station trepanning, Stresses, psi. 
q 


o 10/28/48 11/18/48 2/3/49 
75 — 17,200 —10,500 —17,100 
1s —11,700 — 3,100 — 6,500 
65 + 18,200 + 27,000 + 24,800 
10 +5400 +12,400 +19,900 


Although the data do not support a 
positive statement on whether or not the 
changes in strains reflect additional relaxa- 
tion, the indications are that they do not 
An evaluation of the over-all behavior of 
the box girder favors the conclusion that 
the stress distribution obtained immedi- 
ately after trepanning is fairly accurate, 
and represents a much more realistic 
distribution than one that could have been 
determined from relaxed strains read 
months later. This conelusion finds sup- 
port in the consisteney and symmetry of 
the stress-distribution pattern, and in the 
reasonable balance of the internal forces 
and resisting moments 


QUASI-DESTRUCTIVE METHOD 
FOR DETERMINING LOCKED-IN 
STRESSES 


One of the chief disadvantages of tre- 


490-s 


COMPR. CENTROID 
ern. 
TENSION (CENTROID 
‘ 
6-) 
FORCES. MOMENTS T AX MOMENTS ABOUT 
| TENSION COMPA. OF TENS. OF COMmPR or TENS. | OF COMPR. 
57900 72000 1667000 
a 254000 318000 3780000 
52900 182000 T2000 
Se 9100 42000 30000 
4 3539000 4667000 1 167000 
5 45300 992000 1479000 
~ so600 1'o75000 
423 000 8 969000 6 791000 
a 46 100 980000 228000 
58200 1675000 
292 000 4 000000 @395000 
900 000 
| 905, 15 1353542) 
FORCES POUNDS MOMENTS= - PouNDS 


Fig. 15 Summation of forces and moments 


panning plugs and large blocks from «a 
welded assembly is the inevitable dismem- 
berment of the structure, Fig. 9. Recent 
methods have been proposed which feature 
drilling a small diameter hole, and reading 
the resulting deformations by means of 
strain gages attached to the structure 
proper adjacent to the hole. These 
methods appear to be a compromise be- 
tween the destructive method typified 
by trepanning relatively large plugs, and 
the nondestructive method typified by 
the X-ray diffraction technique 
tunity was taken in this study to check the 


Oppor- 


aceuracy of the quasi-destructive method. 
Small diameter holes ('/, in.) were drilled 
in the side plates of the girder, near section 
3, Figs. 16, 17, and strains were recorded 
These strains were then used with the 


analytical expressions developed by Soete® 
and Riparbelli,© Appendix A, and the cal 
culated stresses were compared with those 
obtained from the relaxed strains measured 
on the large trepanned blocks 

The following table sumarizes the stress 
intensities computed by the three methods 
investigated. 

From the above tabulation it is seen that 
there are significant discrepancies between 
the stresses calculated from the theories of 
Soete and Riparbelli and the stresses 
obtained from strains measured on the tre- 
panned blocks. It is believed, however, 
that this discrepancy does not constitute 
a basie error in the theory, but reflects 
instead the imperfections of the experi- 
mental techniques in their present state 
of development 


Longitudinal and Transverse Locked-in Stresses, psi 


Trepanned blocks 
— 16,700 L* 
+ 4,000 T 
— 18,600 
—2,900 T 


Location 
Near section No. 3 
B1 Plate 
Near section No. 3 
B2 Plate 


Drilling '/ in. hole 


Séete method Riparbe t method 


180 L — 10,980 L 
+12,.370 T + 10,600 T 
+850 L + 12,300 L 
+-19,700 T +29,600 T 


*L = Longitudinal and T = Transverse 
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GAGE SB, OR SB, 


RELAXATION STRAIN DISTANCE FROM SR-4 
STRAIN GAGE WIRE LOOPS 


TO TANGENT POINT OF HOLE 


THICKNESS ORILLING 
MICROINCHES 


View showing disposition of strain waves adjacent to '/,-in. diameter hole 
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Drilling a small hole requires that the 


strain gages have maximum sensitivity. 
This makes it imperative to locate the 
gages as near as possible to the edges of the 
hole, a requirement which may easily 
interfere with the drilling operation 
Both the Soete and Riparbelli methods 
require very accurate measurements of 


ng ot the strain 


strains, and proper cent 
gage elements in order to maintain, in all 
orientations, umform distances between 
the inner loops of the electric strain gages 
and the edges of the hol Moreover, the 
lrilled hole must be truly perpendicular to 
the plane of the plat Undoubtedly, the 
locked-in stresses calculated by these the- 
oretical methods are very sensitive to the 


above factors When it is considered, for 


example, that strains of the order of #20 
micro inches correspond to a residual stress 
variation of the order of 5000 psi., it is 
readily seen that the quasi-destructive 
method needs considerable refinement in 
the experimental technique This would 
suggest perhaps, that consideration be 
given to drilling a hole larger than the 


-in. diameter used in this study) 


CONCLUSION 


The distribution pattern of the longitu- 


dinal anc verse locked-in stress for the 


trans 
girder tested is not uniform but varies 
from high tension to moderate compres- 
sion he mgitudinal stress intensities 
ive substantially represented by Fig. 14 
Within the limits of the experimental 
errors, and inherent limitations in the 
methods of analvsis used, the data satisfy 
the equilibrium requirements of internal 


forces and resisting moments 
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ground data that have helped x 
The Design and M 
Vasta— Residual Stresses 19]-s 


4 De Garmo, E. P., Meriam, J. L., and Jonas- 5. Soete, W Measurement and Relaxation 6. Riparbelli, Carlo, ‘A Method for 
sen, Finn, “Residual Stresses in Ship Welding,” of Residual Stresses Tae We.pine Journat termination of Initial Stresses Prineetor 
NDRC_ Researeh Project, Serial No. M-370, 28 (8), Research Suppl., 354-8 to 364-8 (1949 versity Aeronautical Engineering Labor: 
Nov. 13, 1944 Rept. 131, 1948 
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Locked-In Stress—Study Box Girder No. 6 


Measured data unit strain 3 
ox es x 10~ x i 
350 105.0 —6 19,700 
160 5 138.0 316 f 20,000 
+ + 18,600 
+ 10,800 
52.000 
2.100 
+ 6,000 


10,400 

6,000 

16.700 + 4,000 
14,200 11,900 
6,400 2,200 
25.400 000 
300 + 400) 
6,500 + 5,900 

1,000 

100 

600 


12 


27.800 

4,550 
19,600 
12,400 
19,500 
12,000 


26,100 


Nore Locked-in stresses have of site signs to t ‘ 
Strain; stress; shear stress: 205 32.4 x 10% psi; G 
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e De 
ni 
ory i 
i 
a } 
Strain } 4 + 
station 
No on, psi 
31,300 
4 2 21,300 
5.200 
57,700 
6 19,800 
7 20,200 E 
+248 200 0 +744 +80 +2. 880 14,800 
” +355 356 710 213.0 +1065 +142 604 1,600 19,600 
10 +10 500 177.0 +3.0 167 587 >» 400 
580 1210 1074 322.2 —174.0 902 1248 
12 +470 o0 325 97.5 +141.0 +372 Ist ee 
13 +526 +210 35 10.5 +1578 +516 +123 
4 4 360 240 260 78.0 ~ 108.0 -438 — 368 
15 195 100 10 3.0 ~58.5 198 68 
+ 16 620 510 340 102.0 186.0 722 526 i 
17 360 +200 +245 +73.5 108.0 286 +127 
3 is 280 +210 +265 84.0 200 +181 
120 +168 +50.4 117.0 340 +51 
20 175 +75 + 22.5 118.5 373 43 
21 525 430 +140 +42.0 157.5 i835 is 
22 660 770 660 198.0 198.0 S58 858 27,800 ae 
i 23 Iso + 200 120 +146 + 4,700 q 
a4 + 130 200 60 27 ~150 227 7,300 
25 + 580 +270 +75 +22 +164 +602 +2390 +7.700 
es 26 +400 +80 353 106 +147 +384 206 t 6,600 
27 1031 1544 1705 510 310 1541 2015 65,000 
28 180 640 -~192 54 :72 604 22,500 
; +1) 200 613 184 +58 +11 555 +350 18,000 
+75 265 575 173 +22 100 553 3,240 18,000 
$1 +285 161 720 216 +86 +64 634 + 2.250 20,500 
+120 yoo ISS +36 os — 554 2.200 18.000 
33 1106 1104 235 330 1341 1114 43,200 35,600 
“4 + +40 4105 122 +181 +480 224 + 15,600 7,200 
th + +100 170 52 +180 +546 +10 +17.700 +320 
200 200 120 oo 320 160 10,400 14,800 
24 33 134 113 4.000 3,650 j 
ts 576 0 70 52 173 628 343 20 500 1,100 
au 620 35 +145 +45 577 41 18,70 30 
0 +200 156 wo 15.000 1,420 
41 55 +125 +37 136 418 13.600 
42 2126 +160 145 135 $15 14,100 +480 
+100 +57 156 463 +34 15,00 + 1,100 
4 650 174 164 724 744 23,500 24,000 
5 125 +125 +37 37 +88 2.850 + 2.850 
200 60 108 87 398 447 12,900 14,500 i 
17 + S87 +185 185 55 +173 +532 12 + 17,200 90) 
is + 407 #115 348 +140 +363 208 + 11,700 6,750 
40 +2247 +675 18 615 + 2229 10,900 +72,500 
+182 520 156 +54 +26 466 +840 15,100 
‘ h2 +142 237 513 154 +42 12 15,300 
3 + 280 271 HOS 200 +84 +80 + 2.600 18.900 
4 -o00 180 +90 +120 + 3.000 16.500 
671 1431 1820 306 201 1067 1521 34.800 49.400 
+720 +175 45 +216 +675 +66 + 21,900 +2,140 
2 57 +870 +340 +45 +13 +261 +883 +306 + 28,600 +9900 2 
230 40 12 +24 +38 116 + 1,230 3,770 
+24 141 +30 1.560 970 
; noo ino is Iso 648 340 21.000 11.700 
605 743 +1040 +312 181 — 293 9.700 27.800 
mo +40 +300 138 370 +162 12.000 +5250 
135 +210 +63 144 417 +66 13,500 
“4 600 +165 180 551 15 17.000 Oo 
Os OOS +140 +42 181 563 41 18,200 1330 
aco 149 678 157 22 000 14.400 
“7 1! 230 +69 M4 6 + 106 1500 + 6.400 
On 0 51 63a 261 233 8.500 7.500 
ou +25 + 188 +700 +213 +22. 700 6.900 
7u + 205 Iss Mi +03 +254 a +8200 Ooo 
71 ant 1471 41 1972 1930 63,900 62,500 
7 ono 198 +126 +222 534 + 7,200 17,300 
73 15 715 214 +190 +421 425 + 13.600 7.000 
74 oo mo +520 + 16.800 O.700 
Th +22 762 220 +228 +551 + 17.200 17 300 
7 mo 135 + 4,400 12.000) 
77 70 1204 201 1204 1271 41,000 41,200 
7S + 46 +140 +376 157 + 12.200 100 
7 0 12 +218 +683 +78 + 22.100 +2 500 
su 120 27 126 47 +800 
+27 238 +10 7.700 +200 
aL 7¢ 208 430 25,800 17.500 
St 17 70 +125 +38 ina 16,500 1.300 
t15 240 + 195 +58 a4 257 +101 8.300 + 3,300 
205 +62 117 $28 +88 10,600 + 2.900 
SSN “a1 16 S05 738 23,900 
a 
; 


= Ke 2’ + Kaleo’ + eo’ + . Riparbelli Method (Reference 6) 
ea ) 
STRESSES relaxed strain on 45° axis 
relaxed oi( uke) — »K,)] 
Trepanned Plug + re _ strain in transverse 
K, and are functions of r/a lifted 


relaxed strain in longitud- 
inal direction from Tables 10 and 11 of reference 2 
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distance from center of hole to 
center gage 

radius of drilled hole 

relaxed strain in longitudinal 
direction 

relaxed strain in transverse direc- 
tion 


relaxed strain in longitudinal direc- 

tion 
relaxed strain in transverse direc- radius of hole 

tion distance from center of hole 
modulus of elasticity to near edge of gage 
distance from center of hole , residual stress in 
direction 


longitudinal 


Poisson's ratio 
longitudinal residual stress a to far edge of gage 
gage length 


Soete Method (Reference 5) E 
3LA 


NOTE: 64, € and @: are 
orthogon al strains 
a? 
2 ry 


where longitudinal residual stress 


Impact Tests of Welded Austenitic Stainless Steels 


by V. N. Krivobok and R. D. Thomas, Jr. 


Table 1B—Analysis of Weld Metal 


HE impact data presented here were obtained 

through the combined efforts of the research labora- 

tories of The International Nickel Co. and the 

Arcos ¢ ‘orp The plates for welding were furnished 
by several of the steel producers. The welding and 
analyses of the weld metals were done by the Arcos 
Corp. The heat treating, machining and tésting were 
done by The International Nickel Co 

Weld metals whose composition conformed to the 
following A.LS.1. types were tested types 301, 302, 


Table 1A—Analysis of Steel 


2—Impact Data on Plate’ Material 


Pr. Lbs. At 
Room Temperature 


V. N. Krivobok is in ec! 
Research Div The Interr 

R. D. Thomas, Jr., is Vice-Pres 
Arcos Corp., Philadelphia, Pa 


SEPTEMBER 1950 Krivobok, Thomas, . Stainless Steels 


B 2 
4 where K, B 
= 
@ = 
2. 
‘ 
Type 
Test of 
1 76 o1 .39 6.80) 6.87 
2 we 159 1.65 2 
om 1.68 19.016 “6 €.67 6.19 
106 1.73 17.015 22 
be 16 1.95 019.007 13.31 16.86 2.19 
9 4, | 6 14.11 20.5 4.7% 
12 wy O70 1.72 oat 1 5% 19.56 4 
3u7 63 1,53 020 1.62 19.1 
‘ 
we ore 1.72 020 10.2% 2) 
Test of 
ore (a) Titania tyre coating. All other electrodes had lime type coating 
*Odteined from all weld metal pads, prepared and analyzed io accordance 4.8.1.4 
Tentative Stendard A296-46T 4 
4 
n or 1.73 ous ut 26.76 
ou2 1.90 «12.39 17.23 2.28 
> Tyre 
No Plate -320° 
062 2.18 023 16 «(12.67 16.58 3.2 
‘ 
2 302 7h 1.5 69 
us 2.01 3 (13.8 17.8 210 78.5 64.5 61 61 
tn 316 73.5 6% 7.5 63 
1 ¢ uy 17.69 « 
1.59 is 10.98 18.49 7 316 79.5 a 72.5 70 68 66.* 
17 ae 76, gus a7 ef 
9 same as So. & 
11 62.« 80 5h, 68.5 52 
Stainless Steel Section, Development a 63.6 60.5 
14 0 1 0 
| Nickel Co., Inc New York, N. Y., ane 15 eg 69 &2.5 « 
3 in Charge of Research ar Engineering 
103-s 


Table 3—Impact Data on Weld Metal 


Type Type 
Test of of Per cent | 


Vo plate electrode Heat treatment* ferritet Room temperature —105°F. —320°F. 
1 301 301 as welded 35 35 36 20 22 5 5.5 ; 
37.5 38.5 { 
annealed 42 41 31 30 24 24 { 
2 302 302 as welded 33 32 & 25.5 26.5 9 10 j 


304 as welded 


annealed 
as welded 


annealed 37.5 30 29.5 30.5 30 
5 310 310 as welded 35.5 31.5 31.5 26 23.5 24 
35 


annealed 34 29.5 28.5 27.5 20 18 

fa «316 316 as welded 0.5% 34.5 27.5 7.5 25 «14 

30.5 27 

6b stress relieved 34 31.5 30 26.5 24.5 14 13 
stabilized 26 29 30 20.5 21.5 14.5 11 

bu annealed 31.5 36 29.5 28 22 22 

7 316 316 as welded 8.0% 32 31 29 27.5 17.5 19.5 
stress relieved 27 25 17.5 16.5 7.6 7 
stabilized 11.5 10.5 7.4 fF 3 2.5 
annealed 5 7 33 23.5 27.5 


s 317 q as welded 
annealed 21 20.: 7 
7 


as welded 


annealed 5 2.3 

10 318 318 as welded none 27.5 27.5 22.5 22.5 9 17 17.5 
stress relieved 30 22.5 25.5 22.5 17.5 8.5 1S 
stabilized 22 21 15 16 13 12.5 
annealed 33 30 29.5 29.5 27.5 20.5 21.5 19 


as welded 


stress relieved 


stabilized none 95 8 8.5 6.5 5.5 
annealed 26 25 18.5 22.5 If 10 Is 
as welded 32 27 24 26 5 18 18 


annealed 


as welded none 25.5 29 


stress relieved 2 2. ‘ 2 
stabilized 22 22 17 ! 
annealed 26 2) 25.5 25 24.5 17 16 


us welded 


stress relieved 
stabilized 


annealed 


15 347 SA7T(a) as welded 


annealed 
* Heat treatments were as follows: 
as welded 
stress relieved 1200° F. 2 hrs 
stabilized 1550° F. 2 hrs 
annealed 1950° F hr water quenched 
* Ferrite was determined by use of a Aminco-Brenner Magne-Cage, 4s outlined in “Detection of Ferrite by its Magr 
Simpkinson & M. J. Lagne, ‘Metal Progress,” Feb. 1949, page 164. 
§ Not measured but probably the same as test No. 14 since the same electrode was used. 
(a) Titania type coating. All other electrodes had lime type coating 
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oe 
t 
37 34.5 30.5 24.5 27.5 
3 36H 27.5 24 22.5 18 
3336.5 
: 9 «41 25 41.5 39 32 32.5 42 
: 304 308 31 32 32 21 19.58 
32.5 13.5 
17 8.5 10 13.5 t 
15.5 10.5 15.5 17 
318 318 0.5% 200.5 23 15 In 
22 «20 
21.5 19 17 15.5 7 9 10 
12 321 321 
32 «29 32 3628 23 26.5 23 
i 347 347 22.5 18.5 20 20 18 
13 347 347 22.5 ) 
5 
2 
347 347 3.5% 2733 8.5 26.5 205 16 19 
24 15.5 14.5 13 95 9 
22 «19 is 15 7 
14.5 
4 | 27 24.5 97.5 24 5 20 26 93.5 22.5 
29.5 
2.5 23 W5 26.5 17.5 18 
16 


304, 308, 310, 316, 317, 318 and 347, (the last with lime 
and titania coated electrodes). In the case of types 
316, 317, 318 and 347, two different analyses of weld 
metals were tested. The composition of the electrode 
was so balanced that the two analysesof each would yield 
weld metal with different percentage of ferritic phase. 
Tests were carried out at room temperature, — 105 and 
—320° F. All welds were tested in the as-welded and 
the annealed (1950° F., 
In addition the types 316, 318 and 347 


'/> hr. and water quenched 
conditions. 
were tested after stress relieving at 1200° F. for 2 hr. 
and after stabilizing at 1550° F. for 2 hr. Impact tests 
were also made on the plate materials in the as-received 
(quenched annealed) condition. 

Plates approximately 4 x 13 x '/s in. thick were ob- 
tained from various producers, and after machining 
two plates of the same analysis were welded together 
along the 13-in. sides. The weld joint contained an in- 
cluded angle of 60° with a root face of is In. and an 
opening of */32 in. The electrodes used were °/32 in. in 
diameter and the weld was completed in five passes at 
22-25 v. d. ¢. with 120-130 amp., reverse polarity. The 
plates were not preheated prior to welding and the 
interpass temperature was limited to 150-200° F 


Table 1A gives the heat analyses of the plate materials 
which were reported by the supplier. Table 1B gives 
the analy ses of the weld metals as determined from 
standard weld-metal pads. 

After discarding about */; in. from each end of the 
13-in. weld bead the remainder was cut into blanks 
suitable for the machining of the Charpy Keyhole im- 
pact specimens, subsequent to any necessary heat treat 
ment. After heat treating the blanks were machined 
into Charpy keyhole impact specimens. Approxi- 
mately the same amount of metal was removed from the 
top ol the weld as from the under side of the weld. The 
specimens were notched through the root of the original 
weld. 

The specimens were then tested at room temperature, 

105 and —320° F. 
was used to cool the specimens to — 105° F. and a bath 


A mixture of dry ice and alcohol 


of liquid nitrogen to cool the specimens to 320° F. 
{ll impact specimens were held at the test levels for a 
minimum of 30 min. prior to testing 

Table 2 gives the impact data obtained on the plate 
materials in the as-received (quench annealed) con- 
dition. Table 3 gives the data obtained on the weld 


metal. 


Standardization of Welding 
in Germany 


The new Welding Standards Committee in Germany 
has eleven technical committees, each with an Eastern 
Division and a Western Division. The Chairman of the 
main committee is Dr. R. Kiihnel, Director of the 
German Railways. The Eastern and Western Divi- 
sions have their own committees which, however, work 
closely together. 

Committee 1--Welding Equipment: (a) Apparatus 
for Gas Generation and Preparation and (b) Gas 
Cylinders 

Committee 2—-Welding Terms and Symbols 

Committee 3——Gas Cutting and Scarfing 

Committee 4— Joints for Welding 
Committee 5—-Filler Metal for Welding Lron and 


Steel 


Committee 


> Apparatus for Electrie Welding 
Filler Metal and Fluxes for Nonfer- 


Committee 
rous Welding 


* Published in Schweiasen und Schneiden, py 108-109, May 1950 
Abstracted by Dr. G. I 
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Committee 8 —Health and Safety: (a) Medical See- 
tion and (b) Accident Section 


Committee 9—Welding Codes: (a) Structural Steel; 
b) Machinery; (c) Shipbuilding; (d) Rolling Stock; 
¢) Boilers and Pressure Vessels and (f) Tanks and Pip- 
ing 

Committee 10-—Methods of Testing 

Committee 11 Weldabilitvy of Base Metal: (a) Iron 
and Steel; (1) sheets and (2 plates and (b) Nonfer- 
rous 

The specifications for gas welding and cutting 
torches, regulators, hoses and allied equipment are being 
revised completely, as are the standards on terms and 
symbols The Standard DIN 2559 on “Types of 
Joints” is being made more comprehensive to include 
all types of welded joints in boilers, apparatus and pip- 
ing. The Standard DIN 1913 on welding rods for are 
Rods will be 


Classified according to type of coating and sper ial weld- 


and gas welding of steel is being revised 


ing characteristics All essential properties of each 
Class of electrode will be listed The Committee on 
Welding Codes is assembling information on all welding 
codes in existence in Germany with a view toward 


standardizing testing conditions 


Slainless Steels 
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Elastic Theory of Pressure Vessel Heads 


§ Brief history, prepared by the Design Division, of work on elastic 
theory of pressure vessel heads under pressure—showing work prior 
to PVRC and work either actuated by or integrated with PVRC 
(except for independent studies by Eric Reissner and others) 


1 AUG USTUS L OVE ERNST MEISSNER 
SOPHIE GERMAIN lle ALOYS TIMPE REDUCTION OF 
THEORY OF SEVEN FIRST-ORDER in LOVE'S RESULTS TO 
DIFFERENTIAL ONE FOURTH -ORDER 
FoR LOVE'S RESULTS EQUATION. AND 
SURFACES SEVEN UNKNOWNS INTO GERMAN ONE FIRST-ORDER 
EQUATION 
HANS REISSNER SOLUTION OF 
REDUCTION OF FIRST-ORDER EQUATION 
LOVE'S RESULTS TO TO OBTAIN SHEAR 
ONE FIFTH -ORDER RELATIONSHIPS, AND 
EQUATION MEMBRANE EQUATIONS 
1916 -1919 
1913 STUDENTS OF MEISSNER SPECIAL 
STUDIES 
REDUCTION OF STUDIES OF 
FOURTH ORDER EQUATION PARTICULAR SHAPES ERIC REISSNER 
TO TWO SECOND -ORDER 
COMPLEX CONJUGATE L BOLLE TRUESDELL 
F DUBOIS OTHERS 
HONEGGER 
WISSLER 
1926 1946 
JOSEPH GECKELER PV RC 
BAUERSFELD GECKELER : 
DESIGN 
APPROXIMATION WHICH DIVISION 
1 Suppresses first 
derivative ond 
right-hand side 
2 assumes resulting 
approximote second- 
order equation 
has constont 
coefficients 
1946 1950 | 1948 1950 
PROF RG STURM BOARDMAN DR W DUDLEY 
AND STAFF BURROWS OR H LANG 
COATES 
PURDUE UNIVERSITY HETENY! UNDER OFRECTION OF 
MARKL GW WATTS 
EXPERIMENTAL RHYS 
MEASUREMENT ROSSHEIM CALCULATION OF HEAD 
OF STRESSES TIMOSHENKO SHAPES USING LOVE 
Ni 
AND CONSULTATION WETTERSTROM MEISSNER THEORY 
ON THEORY OTHERS 
1949 
NORMAL FORM 
APPROXIMATION 
W BUXTON 
P STEVENS 
UNDER TION OF 
WR BURROWS 
1 Retains first 
derivative and 
right-hand side 
1946 1950 1947 1948 1950 1948 1950 * ca ee 
J EPPLER WATTS BURROWS y RHYS form 
WECIAL STUDIES ASME PAPER WATERS SPECIAL STUDIES occurote 
OF NO 47 A 15) JUNCTURE APPROXIMATE order equation has 
i949 STRESSES METHOD constant coefficients 
CONICAL 
HEADS 


We.pinc Researcu SuPPLEMENT 
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for Profitable Welding 


Arc Welders must put on the heat. But only at one point: 
at the end of the electrode. And any heat elsewhere along 
the welding circuit means current wasted. 

Don’t rely on makeshift ground connections, inefficient 
and unwieldy C-clamps and plates, and on hastily made 
cable splices, ineffective and unstable. 

Wherever connections must be made in the circuit, choose 
Jackson cable fittings which provide ample metal-to-metal 
contact to ease the flow, and stop the loss of current. 


For greater metal-to-metal contact in a 
ground clamp, which would you choose? 
See below the large contact surface on 


/p- the upper jaw of the Jackson. 
(7 


NOT THIS ! iil BUT THIS 


JACKSON GROUND CLAMPS 


When choosing between ground clamps, take a close look 
at the Jackson, and note the large, flat contact surface of 
the copper alloy upper tong. It provides the greatest and 
surest conductivity between the clamp and the work. 
Other features: Simple, rugged design: the upper tong for 
contact, the lower for pinch. Greater leverage at the 
“handle” end of the tongs; they go easier on, easier off. 
Recent improvements: New music wire coil spring . . . com- 
plete spring insulation at both ends against accidental 
arcing, and to prolong spring life . . . new, larger pivot bolt 
for greater strength, where it counts most. 

Double Economy: The Jackson Ground Clamp, eliminating 
loss of valuable welding current, will pay for itself in very 
little time. And because its price is low, you may be sure 
of double economy when you buy Jackson’s. 


JACKSON "QUIK-TRIK" CABLE CONNECTORS 
The safest way of making cable extensions. By 
connecting the female unit to the cable lead, the 
live cable end is always well insulated when not 
in use. Units lock tight by a twist of the hand. 
To avoid delays in your shop, keep your stock of 
replacement holders on hand with a length of 
cable and a male unit of the cable connector 
fastened to them. Then, if a holder needs re- 
placing, get a spare and connect it in a minute. 


JACKSON CABLE SPLICERS 
Cable ends make adequate metal-to-metal con- 
tact with the copper alloy splicer, clamped, 
soldered, or brazed. For permanent, well insu- 
lated extensions; time saving, economical. 


JACKSON CABLE LUGS 
Sturdy high copper content 
alloy lugs for both mechan- 
ical and soldered cable 
connection. They are avail- 
able in three sizes, each in 
a 180° and a 45° design. 


180° Please specify type required 45° 


\Ty 
/ 
9 


SACKSON 


( 


See your Jackson Distributor for prompt delivery 
Also ask him about Jackson Electrode Holders, 
Eyeshields, and Safety Goggles 


SON 


PR OP € 
WARREN->MICHIGAN 


GROUND CLAMP CONNECTOR | SPLICER Luo 
MODEL CABLE SIZE CABLE CONNECTION CAPACITY |jaw opening price price price price 
No. 1 4 thru 1/0 mechanical or soldered 300 amp 1%" 2.75 2.95 1.60 .80 
Noe. 2/0 |1/O and 2/0 | mechanical or soldered 500 amp 1%" 3.50 3.75 1.88 90 
No. 4/0 |3/Oend 4/0 | soldered only 500 amp 1%” 3.25 3.50 1.50 £0 
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; 
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ew Aircomatic Welding process 
permits building lighter 
coal truck... 

with more payload 


MARION METAL PROD. 
UCTS CO.. of Marion, Ohio, 
wanted to produce a sturdy, 
lighter-weight coal truck body 
using aluminum. However, they 
were somewhat unfamiliar with 
a suitable aluminum welding 
technique that would hold up 
under the slam-bang wear this 
equipment would meet. 


Charles Bruno, Reynolds Metal Com weight permitted the loading of one 


pany’s welding specialist, and Dana \ more ton of coal a payload increase 
Wilcox, Airco technical sales service of 10';. 

specialist were consulted and recom- If you are interested in a fast and 
mended to the customer the use of the — more economical effort of fabricating 
new Aircomatic Process—an inert, gas- your products from aluminum, alumi 
shielded arc welding method. Fabri- num or silicon bronze, stainless and 
cated with the Aircomatic Process, the — nickel clad steels, it will pay you to in- 
truck was found to be very rigid, even vestigate the advantages of Aircomatic 
under full load... and the total weight — welding. For technical service or a copy 
of the aluminum body was 2345 Ibs. as of the Aircomatic welding bulletin 
against the former body weight of 4800 = ADC-661 A, please write to your near 


lbs. This tremendous decrease in body — est Airco office 


Air REDUCTION 


Offices in Principal Cities 


TECHNICAL SALES SERVICE—ANOTHER AIRCO PLUS-VALUE FOR CUSTOMERS 


news about 


AIRCO 


products 


AIRCO HORNET 36A D-C WELDER 


The “Hornet 364A” Are Welder is a heavy- 
duty, light-weight machine designed to fur- 
nish smooth, steady current for every DC 
are welding job. 

The “36A” features simplified control of 
current output by means of a sturdy hand- 
wheel mounted on the control cabinet. Close 
calibration of the current dial eliminates the 
need for meters, Easy reversal of the polarity 
of the welding terminaly provided by a 
sturdy polarity switeh. 200, 300 and 400 


ampere sizes are available 


AIRCO HELIWELDING EQUIPMENT 


All 


=F Heliweld holders are 
water-cooled to pro- 
vide sufficient cool- 

es ing for high currents 

used There's the 
\ir-Cooled Manual 

Holder for light, general-purpose work... 
the Water-Cooled Manual Holder for heav- 
ier, general-purpose work the Machine 


high capacity 


Holder for semi-automatic installations... 
the Automatic Head for the fully automatic 
operations. Also available is a Heliweld 
“Bumblebee” for AC heliwelding. This ma- 
chine has all controls for current, gas and 
water within its housing, PLUS a one unit 


power supply. 


For more information, write your nearest 
Airco othce today for a free copy of Heli- 
welding Catalog No. 9. 


* * * 


Air Reduction supplies Oxygen, Acetylene 
and other industrial gases . . . Calcium 
Carbide . . . and a complete line of gas 
cutting machines, gas welding apparatus 
and supplies, plus arc welders, electrodes 
and accessories. Ask us about anything 
pertaining to gas welding and cutting, and 
arc welding ... we'll be glad to help you. 


| 


